-LECTRICAL 
-NGINEERI 


tas ‘ 
h ee aes 


ANPINSTITUTE OF ELECTRICAL ENGINEERS 


ar 


” 
ae 


% 


ee Se 


Nee. TRANSFORMERS have to 
be tougher than most transform- 
ers. Not only are they subject to tem- 
perature extremes and overloads, but 
they have to-withstand unusually severe 
operating conditions, flooding and cor- 
rosive atmospheres. Because they may 
have to operate in narrow, below-side- 
walk vaults, maintenance is an. im- 
portant factor to consider. 

That’s why utility engineers are par- 
ticular about the network transformers 
they choose for their systems. 

One of the best testimonials to de- 
pendable all-around performance of 
Allis-Chalmers network transformers is 
the increasing approval of utilities and 
consulting firms throughout the coun- 
try. Today the A-C label on major 
electrical systems is a familiar sight. 
Approximately 1% million kva of Allis- 


is No Accident! 


Chalmers network transformers are now 
serving the most important systems in 
the country. 


This vote of confidence is based upon 
top performance. Details of welding, 
protective undercoating, convenient lo- 
cation of gages, sturdy core and coil 
construction and tank design make this 
outstanding performance possible. 


Allis-Chalmers makes all three types 
of network transformers: oil-filled, 
Chlorextol liquid-filled and the new 
sealed dry type. Your Allis-Chalmers 
engineer can make unbiased recommen- 
dations on the best type for your par- 
ticular requirements. 


Why not call your local A-C office 
for more information. Or write Allis- 
Chalmers, Milwaukee 1, Wisconsin, 


for Bulletin 61B6152A. A-3515 


Chlorextol is an Allis-Chalmers trademark. 


Network Transformers — Over 1,000,000 KVA Installed 


To Allis-Chalmers Network 
Transformers For: 


Compactly designed circular 
coil structure. Outside core clamp- 
ing bolts, sturdy turn-to-turn insu- 
lation, built to withstand heavy 
short-circuit stresses. Thermal ca- 
pacity is high for cool operation 
under severe load conditions. 


Strong construction. Main 
cover and switch compartment are 
welded to the tank to do away 
with gasket trouble. 


Easy control of tap changer op- 
erated through a two-inch outlet 
in the main cover. Eliminates 
packing gland maintenance. é 


Extra protection of undercoat. | 
ing compound . . . plus sandblast- 
ing and three coats of baked-on 
phenolic base paint formulated to” 
give high water resistance. 
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SPRAGUE 


Joint Army and Navy compo- 
nent specifications were never 
meant to limit engineering pro- 
gress—and, with Sprague, they 
most certainly haven’t! 

. .. Sprague subminiature capacitors 
have pioneered size and weight reduc- 
tions plus high-temperature operation 
that would have been impossible with 
conventional capacitors. You’ll not find 
these unique, hermetically-sealed capac- 
itors listed in the current issue of Joint 
Army-Navy specification JAN-C-25. In 
every case, however, they have been fully 
approved for use. The reason is simple: 
In effect, Sprague subminiature capaci- 
tors are super-JAN types. They greatly 
exceed the already high minimum quality 
limits established by JAN specifications. 


{rir ademark 


ELECTRIC COMPANY 


NORTH ADAMS, 


As the long-time leader in 
capacitor development, Sprague 


_~~- clearly recognizes that its en- 


>~j== gineering obligation extends far 
beyond conventional stand- 
dards—so markedly so that much of to- 
day’s tremendous production of Sprague 
components for military use is based on 
types for which no JAN specifications yet 
exist! 

Thus, to equipment manufacturers 
faced with the problems of reducing size 
and weight or of paving the way to higher 
temperature operation, Sprague offers 
help along many lines—from the sub- 
miniature capacitors shown here to Vita- 
min Q* photo-flash capacitors to Ceroc* 
250°C. ceramic-Teflon insulated magnet 
wire and many others. 


MASSACHUS ET’ 


HIGHLIGHTS........ 


Your Stake in Atomic Energy. The 
major concern of the Atomic Energy Com- 
mission is to make certain that the stock 
of weapons continues to grow at an accele- 
rated rate, says Commissioner T. K. 
Glennan. But, of course, the Commission 
is also concerned with peacetime applica- 
tions of atomic energy as, for example, 
the production of radioisotopes for use in 
medicine, industry, and agriculture (pages 
1033-38). 


Fire Protection in Electric Stations. The 
fundamentals of fire protection in electric 
stations are dealt with, and some _ fires 
which have occurred on the Consolidated 
Edison System are discussed. The authors 
place emphasis on equipment design which 
will reduce the possibility of fires (pages 
1040-45). 


Statistical Methods in a Utility. Engi- 
neers frequently turn to statistical methods 
for solving problems having large amounts 
of data. This month a statistical engineer 
describes a number of typical problems 
that were solved by such methods in one 
large utility (pages 7047-49). 


Blocking-Tube Oscillator Design. Elec- 
tron-tube circuit designers will find this 
article a comprehensive survey of the 
various factors which enter into the design 
of a blocking-tube oscillator for television 
receivers. A quantitative analysis of the 
oscillator cycle is given, and synchronized 
operation and noise immunity are discussed 
(pages 1050-55). 


Lightning Hazards in Japan. ‘rans- 
mission-line engineers will be interested 
in this article, which is a report on an 
extensive survey of the occurrence of 
lightning in Japan and the effects that 
it has had on the operation ‘of power lines. 
The number and types of service inter- 
ruptions on various types of transmission 
lines are reported (pages 7065-67). 
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Loudspeaker Systems in Power Plants. 
Although power plants have a variety of 
facilities for communication within the 
plant, a public address system often makes 
a useful supplement, providing a means 
for individual or group paging, conveying 
orders to groups of people simultaneously, 
a means of communication from any one 
of these individuals to the entire group, 
and a means of notifying all personnel in 
cases of emergency (pages 1057-62). 


Cable Sheath Problems and Design. 
With some 300,000 circuit miles of cable 
sheath in its communications network, the 
Bell System requires dependable sheath 
design to protect its cables against the 
whims of nature and man. The engineer- 
ing of these cable installations is a complex 
problem requiring a satisfactory balance 
between costs and the quality of service 
required (pages 1070-75). 


Conductor Vibration in Transmission 
Lines. Exhaustive laboratory tests as 
well as extensive operating experience have 
led to the conclusion that lower conductor 
tensions in transmission lines appreciably 
reduce vibration, and thus increase the 
useful life of the conductor. The author 
also discusses the importance of properly 
supporting and splicing the conductors 
as well as a method for estimating the 
probable conductor life (pages 1078-82). 


A Static Magnetic Exciter. An analysis 
of the equivalent circuit and equations 
of an alternator has led to the design of a 
voltage regulator for the machine which has 
a high degree of regulation as well as an 
excellent transient response. The analysis 
of the machine, the design of the corrective 
circuit, and the performance of the circuit 
in the machine are presented (pages 
1084-88). 


A Short-Haul Microwave Link. With 
hundreds of miles of microwave repeater 
telegraph circuits crisscrossing the country, 
the need arises for a means of tying in 
and cutting out blocks of traffic to localities 
off the main trunk lines. To fill this need, 
the Western Union Company has de- 
veloped a_ single-hop pulse-amplitude 
modulated system with simplified micro- 
wave circuits and few of the fancy trappings 
of trunk line equipment (pages 7094-99). 


Improving Switch Sensitivity with Feed- 
back. Linear feedback analysis methods 
commonly applied to electron-tube ampli- 
fiers are applied to reversible switches. 
By this means it is possible to achieve 
varying degrees of switch sensitivity and 
to determine the maximum degree of 
sensitivity that can be achieved. A 
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Order forms for current AIEE Proceedings 
have been published in Electrical Engineering 
as listed below. Each section of AIEE 
Proceedings contains the full, formal text of 
a technical program paper, including dis- 
cussion, if any, as it will appear in the 
annual volume of AIEE Transactions. 

AIEE Proceedings are an interim member- 
ship service, issued in accordance with the 
revised publication policy that. became 
effective January 1947 (EE, Dec °46, pp 
567-8; Jan °47, pp 82-3). They are avail- 
able to AIEE Student members, Affiliates, 
Associate Members, Members, and Fellows. 

All technical papers issued as AIEE Pro- 
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in abbreviated form. 


Location of 


Order Forms Meetings Covered 


1 Middle Eastern District 


Nov °50, p pie Fall General (1950) 


Mar 751, p 35A + Winter General 


Southern District 
North Eastern District 
Great Lakes District 
Summer General 


Jul 51, p 23A 


‘ Pacific General 
Nov °51, p 37A fae General 


graphical method for making this analysis 
is presented (pages 7100-04). 


A Tribute to D. C. Jackson. At the 
memorial services for the late Professor 
Dugald C. Jackson, Vannevar Bush 
delivered the address presented here (pages 
1063-64). 


An Improved Polar Telegraph Relay. ~ 


This new relay design is a typical product 
of the engineer’s ceaseless efforts for 
improvement. Although some years ago 
polar relays attained transmission effi- 
ciencies which left little to be desired, 
further attack on the design problems has 
led to improvement in dependability, 
substantial reduction in size and cost, 
increase in maintenance-free life, and 
promises of important new applications 
(pages 1088-92). 
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publication, is open to most elec- 
trical engineers. 


Complete in- 
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Henline, Secretary, 33 West 39th 
Street, New York 18, N. Y. 
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Major Advance in Electric Control 
Increases Production From Industrial Operations | 


With production demands reaching toward fresh all- 
time highs, this new P.A.T.’50 Control comes at the ideal 
time to help thousands of firms increase the output of 
their industrial furnaces. Here’s why: 


This Control has something that’s brand new. It acts on 
the speed of swings in furnace load, as well as on their 
size and permanence. Thus, if temperature changes 
gently, it is gently nudged back into line. But if it starts 
off briskly—as when the furnace door is opened— 
P.A.T.’50 reacts briskly. The faster the change, the fur- 
ther P.A.T.’50 moves the fuel valve. Then, at the instant 
this action begins to head off the change, the Control 
starts backing away. By putting on the brakes it brings 
temperature back in line smoothly, rapidly. 


This “Rate Action” increases production because it re- 
duces the length of time a furnace is off temperature. It 
means more heats per week, 


P.A.T.’50 is the Only electric positioning control with 
Rate Action. It’s a unique L&N contribution to auto- 
matic regulation. 


Also, Proportioning and Reset Actions are more re- 
sponsive than before, These two components have always 
been vital to automatic control, and of course continue so. 
They stop the normal, every-day temperature swings 


IN MEASURING INSTRUMENTS - TELEMETERS - AUTOMATIC CONTROLS - HEAT-TREATING FURNACES 


LEEDS & NORTHRUP CO. 


Jrl. Ad ND4-33(1) 


which are started by changes in the size and permanence 
of the furnace load. 


When we gave P.A.T. its third component of rate 
action—and introduced it in this 50 model—we were 
able also to increase the sensitivity and range of adjust - 
ment of proportioning and reset components. The result- » 
ing improvement in control action shows up at all time 
but especially when temperature is being stubborn—t 
ing to edge away from the control point, or to level off 
incorrectly. Even without rate action, P.A.T.’50 would | 
do a better-than-ever job. But with rate action, results 
are far superior to any previous electric control, 


The News is in the Control Unit. Everything new i 


Speedomax or Micromax Recording Controller, a 
which links that instrument to the fuel-valve-drivin 
mechanism. In line with our policy of making improve 
ments readily available to users of our equipment, earl 
installations of P.A.T. Control can be converted 
P.A.T.’50 by replacing the Unit and making’ sli 
changes in the Controller. The new Unit is fully el 


tronic—has no moving parts except two hermetically 
sealed relays, 


Tor complete details, contact our nearest office, or writ 
us at 4962 Stenton Ave., Philadelphia 44, Pa. 


| 
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S A RENEGADE elec- . 
trical engineer of the 
vintage of 1927, I feel 
little presumptuous in ap- 

earing before this group to- 

ay. As a member of the 
tomic Energy Commission 

AEC), however, I count it a 

rivilege to have the oppor- 

unity of bringing to you a 

actual picture of the Commission’s program. It is my 

onviction that too many people know too little about 
hose portions of this program which can be publicly 
eported without violating security regulations. This 
onviction has led me to adopt the practice of limiting 
most of my public remarks to a discussion of those as- 
ects of the program which are or should be of special 
nterest to the particular audience to which I may be talking. 
erhaps I can thus indicate your stake in atomic energy. 

Anyone trying to assemble remarks on electrical engineers 

and their relation to atomic energy operations and develop- 
aent is likely to find himself with more facts to report and 

ideas to expound than can be fitted into the allotted time. 

In the limited time I had for composing this address (if you 

have read the papers you will understand that these past 

few weeks have been hectic ones for the Commission), I 

found it impossible to put the many available pieces to- 

gether into a smooth-flowing product. So I resorted to a 

technique that the developmental electrical engineers in 

our business find it necessary to use now and then. They 
say they just ‘“‘throw the switch, stand back, and look for 
smoke.” 

Well, I’ll throw the switch, and you can stand back and 
look for the smoke, if any. Without trying to assemble 
them into a logical whole, Ill try to cover four points: 


Commissioner. The 


1. The size and shape of the atomic energy industry 
of the United States. 

2. The part of the electrical engineer in atomic energy 
development. 

3. . The present stage of development of power-producing 
machines burning nuclear fuels and relations between the 
electric power industry and the AEC. 

4. The need for and prospective supply of engineers 
in atomic energy work. 


THE ATOMIC ENERGY INDUSTRY OF THE UNITED 
STATES 
HE ATOMIC ENERGY industry is owned by the people 
of the United States and is operated and managed 
by the Atomic Energy Commission, an agency of govern- 
ment. Its charter is the Atomic Energy Act of 1946, 
which defines the objectives of the operation in a noble 
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The atomic energy industry, and the important 
part played in that industry by the electrical 
engineer, are described by T. K. Glennan, AEC 
Commission’s 
to find useful peacetime applications are pre- 
sented. The necessity for a continuing and 
increasing supply of engineers for the prose- 
cution of the atomic energy program is stressed. 
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Your Stake in Atomic Energy 


T. K. GLENNAN 


declaration of policy which 
is well worth noting here: 
“It is hereby declared to be 
the policy of the people of 
the United States that—sub- 
ject at all times to the para- 
mount objective of assuring: 
the common defense and se- 
curity—the development and 
utilization of atomic energy 
shall, so far as practicable, be directed toward improving 
the public welfare, increasing the standard of living, 
strengthening free competition in private enterprise and 
promoting world peace.” 

The law also says, ‘It shall be unlawful for any person 
to own any facilities for the production of fissionable 
materials or for any person to produce fissionable 
material. .” Fissionable materials, as you know, 
mean chiefly uranium and man-made plutonium. 

It looks as if the law has set up the AEC as the operator 
of a tight government monopoly. This is true to the extent 
that the business is controlled, and largely owned, by the 
Government. But there the similarity to monopoly ends, 
in my opinion. 

Much of our activity is industrial in nature; our products 
are the results of industrial operations. These operations 
are performed—for the most part—by private ‘industrial 
concerns or educational institutions. 

On the industrial side the list of contractors. is so long 
that it would take 15 minutes to give you the names of just 
the major companies working with the Commission. 
Among them are: Dow Chemical Company, the Du Pont 
Company, General Electric Company, Westinghouse 
Electric Corporation, Carbide and Carbon Chemicals 
Company (a division of Union Carbide and Carbon 
Corporation), Phillips Petroleum Company, Harshaw 
Chemical Company, American Cyanamid Company, 
Monsanto Chemical Company, and so forth. 

Over 200 educational institutions play an equally large 
part in the research and development phases of the atomic 
energy program. ‘Typical of these operations are such 
establishments as: 


attempts 


Brookhaven National Laboratory, a center for basic research 
on Long Island, N. Y., operated by nine of the leading 
eastern universities. 

Argonne National Laboratory, a reactor development center 
in Chicago, Ill., operated by the University of Chicago with 
31 midwestern universities participating in the program. 


el 
Full text of an address presented at the AIEE Fall General Meeting, Cleveland, Ohio, 


October 22-26, 1951. 


T. K. Glennan is Commissioner, United States Atomic Energy Commission, 
Washington, D. C. He is on leave from his post as President of Case Institute of 
Technology, Cleveland, Ohio. 
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The Oak Ridge Institute for Nuclear Studies, operated by 28 
of the southern and southwestern universities. 


The Los Alamos Scientific Laboratory, a weapons develop- 
ment center operated by the University of California. 


The Ames Laboratory, a metals research center operated 
by Iowa State College. 


The Radiation Laboratory, a particle accelerator research 
center at Berkeley, Calif., operated by the University of 
California. 


A Medical Research Center in Rochester, N. Y., operated 
by the University of Rochester. 


The atom business, it is clear, is run largely by industrial 
and scientific people. There are more than 100,000 per- 
sons working directly in the program. Less than 6,000 
of these are now on the AEC payrolls. The rest work for 
our contractors. About 48,000 are employed in our 
“factories” and laboratories. More than 50,000 are 
construction people who are building the many new plants 
and other facilities that are part of the present expansion 
program. 

Here are several facts that help one grasp the magnitude 
of the atom business. The AEC owns or controls 44 parcels 
of land in 24 states and the District of Columbia. The 
parcels range from a few hundred square feet of rented 
office space in a large city to the 400,000-acre reservations 
in the states of Washington and Idaho and the Eniwetok 
Atoll in the Pacific. Add up all this acreage and you have 
almost 3,000 square miles. ‘That’s almost half es ae 
than the state of Delaware. 

The AEC is landlord and municipal Reimer for 
some 70,000 men, women, and children in three govern- 
ment-owned atomic cities. They are Oak Ridge, Tenn., 
the oldest, with more than 31,000 population; Richland, 
Wash., with about 24,000; and Los Alamos, on a mesa-top 
in New Mexico, with 13,000. We do not want any more. 
Operation of these cities accounts for an approximate 5 
per cent of our budget but sometimes it seems that it brings 
on 90 per cent of our headaches. 


FOUR STEPS IN MANUFACTURING 


ET’S MOVE NOW from sstatistics to the actual manu- 

facturing process. You might picture the atomic 
energy manufacturing process as an inverted pyramid 
resting on a narrow base labeled “uranium ore.”? We are 
making every possible effort all over the free world to 
broaden that base. 

The United States continues to receive a substantial 
portion of its uranium from the Belgian Congo and Canada. 
The intensive search in our own country, however, is 
beginning to pay off and domestic production is playing 
an increasingly important role, actually 
Canadian production at this moment. 

Uranium is about as plentiful in the earth’s crust as lead. 
But a perverse nature has so widely distributed it that 
concentrated deposits are quite rare. For example, there 
are tons of the stuff in the Tennessee shales but the amount— 
in ratio to each ton of shale—is so small that recovery at 
present is not commercially feasible. 


surpassing 
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recovered as a by-product in the treatment of cer 


Glennan—Your Stake in Atomic Energy 


Fortunately, there are instances where it is possible 
get uranium from very low-grade sources. It can | 


South African gold ores. Also, it is technically feas 
to recover the uranium contained in phosphate rock as a 
by-product in the manufacture of fertilizer or other phos- 
phatic products. 

After mining, the next step is processing the ore. 
is done in a number of private industrial plants about t 
country. To provide additional capacity, we are ne 
building a $54,000,000 processing plant at Fernald, Ohio, 
which the National Lead Company will operate for us. 
The end product of this processing activity emerges in 
two forms: natural uranium metal and uranium in 
gaseous form known as UFs, or uranium hexafluoride. 

That brings us to the third step—the manufacture of 
fissionable materials. The uranium metal goes to Han- 
ford, Wash., to be “cooked” in the giant reactors there, 
to produce plutonium. The uranium in gaseous form 
goes to Oak Ridge, Tenn., where the more useful U-2: 
atoms are separated from the more numerous U-238 at 
in those great plants that house the gaseous diffusion proces: 

Here, again, we are expanding our capacity. T 
half-billion dollar investment being made at Paducah, 
Ky., and the new billion-dollar plus Savannah River Plani 
under construction in South Carolina will produce sie 
able materials. ¥ 

The fourth step is the preparation for the manufacture 
of reactor fuel and weapon parts. At Hanford, the 
plutonium in its original state is in solution along with a 
lot of stuff-fission products, we call them, and has to 
separated and converted into metal. Likewise, at Oak 
Ridge, the gaseous concentrated U-235 has to be m 
into metal. 

The production line up to this point is the same whether 
you are desirous of building nuclear hearts of weapons or 
fashioning enriched fuel for reactors to produce power 
to make radioactive isotopes. ‘Today, as you must know, 
the emphasis is on weapons. I can assure you that the 
major concern of the Commission is to make certain t 
our stock of weapons continues to grow at an accelerated 
rate. The designing of new and improved weapons is an 
important part of our military program and is integrated 
closely with the stated requirements of the military services, 
As in any developmental program, tests must be conducted 
and for this purpose we carry on operations at Eniwetok 
Atoll in the Pacific and at the Las Vegas test site in Nevada 
where developmental tests are currently under way. 

In Operation Greenhouse in the spring of this year, the 
weapons exploded on the Eniwetok testing ground wer 
several times more powerful than the bombs dropped « on 
Hiroshima and Nagasaki. We have said that we are now 
producing atomic weapons on an industrial basis. Be= 
yond these statements we will not go this morning. 
One day the whole story can and will be told, but right 
now let’s look at some other aspects of the atom ban ss. 


. OTHER ASPECTS OF THE PROGRAM 


‘Oe PART OF THE program which could itself be 
subject of a long—and I would hope interesting—tal 
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ould be mentioned briefly. This is our production of 
dioisotopes for use in medicine, in industry, in agriculture, 
d in physical and biological research of hundreds of 
es. We make these substances principally at Oak 
idge and sell them at cost to qualified users. Since 1946 
hen the Manhattan Engineer District started distributing 
em, more than 19,000 shipments of isotopes have gone 
ut from our plant. The British and the Canadians too 
ake and sell radioisotopes. 

They are a new tool for science around the world, a tool 
f greater power and use than any other tool developed 
r investigators since van Leeuwenhoek invented the 
icroscope 300 years ago. They are more: some isotopes 
f certain of the elements are 
e means of diagnosis and 
ealing in medicine and are 
he source of radiation used 
n many industrial process 
ontrol operations. 

While I am about it, I’d 
ike to touch briefly on the 
mportance placed by the 
ommission on_ research. 
ithout new findings in basic 
cience you cannot have 
ew products and processes. 
ur scientist colleague on 
he Commission, Dr. Henry 
. Smyth, succinctly stated 
he urgency of basic research 
m an address before the 
Association for the Advance- 
ment of Science last Decem- 
ber. He said then: “In 
World War II, for the first 
time in history, we pushed 
our development of weapons 
close to the limits of our 
basic knowledge. Discoveries 
in science less than five yéars 
old were put to use in the 
atomic bomb and other weapons. This may happen 
again, but only if there is‘new kriowledge*to “put to: use.”* 

The AEC is financing and stimulating the acquisition 
of new knowledge in its field. Some $40,000,000 annually 
is going into research in the physical and the biological 
sciences. 

There are other points I would like to make, but I will 
content myself with just two: the security and the safety 
activities of the atomic energy program consume a large 
amount of effort and funds. We feel that the record of 
the AEC on both points is good, but we are not letting up 
on either front—in fact, we are continuously trying to 
improve security provisions and safety practices throughout 
the project. 

Now, with the hope that thus far I have given you a 
condensed but useful picture of the Commission’s opera- 
tions, I’d like to turn to a discussion of the part played by 
engineers in this business with particular attention to the 
activities of the electrical engineer. 
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THE DIRECT PART OF THE ELECTRICAL 
ENGINEER IN THE ATOM BUSINESS 


eee WITH SCIENTISTS, engineers are the key men of 
atomic energy development. Without engineers, 
we couldn’t reach our objectives. The close working 
relationship, noted before in Dr. Smyth’s quotation, 
between research and development in modern industry 
has brought about a situation where about half our tech- 
nical workers are engineers and half are scientists. As for 
the governmental management of the enterprise, it is 
drawn in the main from the engineering profession. It is 
worth noting that the General Manager and the Deputy 
and Assistant General Managers are engineers; each of 
the ten Managers of Opera- 
tions is an engineer; and 
two of the five Commissioners 
were trained as engineers. 
The engineering viewpoint 
and approach bulk large 
both in making atomic en- 
ergy policy and conducting 
day-to-day atomic energy op- 
erations. 

Of the approximately 6,400 
engineers in the program 
(excluding construction op- 
erations) last June 30, nearly 
one-fourth were electrical and 
radio | engineers—approxi-_ 
mately 1,500. Only mechani- 
cal engineers surpassed the 
electrical-radio group in 


margin. This is some indi- . 
cation of the importance of 
electrical engineering in 
atomic energy operations and 
development. 

What do electrical engi- 
neers do on the project? The 
answer was given in a brief 
but informative paper! by D. W. Cardwell of the Oak 


~ Ridge National Laboratory which was~ declassified” and ~~ 


published about three years ago. He pointed out, to 
put it in broad terms, that electrical engineers supply 
power for the processes of the industry, they provide 
process control, and they furnish instrumentation of vari- 
ous sorts. Specifically, he reported their part in high- 
energy particle aecelerator work; in radiation instrument 
development; in the design of equipment for and in the 
operation of the separation plants at Oak Ridge; and in 
reactor development, both for production and for power 
and propulsion purposes. 

The Particle-Accelerator Field: You will notice that this 
group of functions cuts well across the whole spectrum of 
atomic energy operations and development. They involve 
some really difficult pioneering problems as well as un- 
spectacular day-to-day operating functions. Take the 
field of the particle accelerator. This is still the funda- 
mental tool of physical research in atomic energy. It 
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number and they by a small 


comprises cyclotrons, betatrons, synchrotrons, cosmotrons, 
van de Graafs, and so forth. They are so useful that there 
are now more than 70 of them in operation in this country, 
nearly all financed at least partially by the Atomic Energy 
Commission. The later designs have progressed to such 
size—130-foot diameter for the new one abuilding at the 
Radiation Laboratory, for example—that the electrical 
engineering problems are enormous; they are unprec- 
edented. It is in this field that even the most experienced 
and ingenious engineers have to follow the formula, time 
and again, of testing their new designs by “throwing the 
switch, standing back and watching for smoke.” For 
specific examples of these tasks I commend you to Card- 
well’s paper, with the reminder that since Cardwell wrote 
in 1948 there has been a quantum jump in the complexity 
and difficulty of accelerator work. 


The Radiation Field: A characteristic phenomenon 
accompanying the release of atomic energy is radioactivity. 
Instruments for detecting and measuring radioactivity 
are required, in quantity, at numerous points in atomic 
energy processes. They are used to guard the health of 
the men and women working in plants and laboratories; 
in radioactive chemical assaying; and in process monitoring. 
Most of the basic ideas for radiation detection devices 
have come from scientists, but the developmental work 
has become more and more exclusively the field of the 
electrical engineer. And here is an atomic energy field 
where private enterprise has moved in vigorously. ‘The 
demand for better, more rugged, more sensitive devices 
mounts higher and higher. These market needs are being 
met in increasing volume by industrial concerns. It is 
a field, by the way, with direct relation to the common 
defense and security at many points, not least in the area 
of civil defense monitoring equipment. 


Reactor Development: In the development of reactors, the 
basic machines for making fissionable materials and iso- 
topes, and the hope for production of electric power from 
nuclear fuels, the electrical engineer is called upon again 
and again. Some of his toughest problems cluster around 
the development of the mechanisms that are needed to 
regulate accurately the power level of operation. Physi- 
cists and electrical engineers have worked out a variety of 
complicated servomechanisms to bring this about. They 
have combined their efforts to develop electronic devices 
and circuits that enable the reactor theoreticians, in their 
design studies, to simulate mathematical pile power 
relationships and represent the distributions of neutron 
flux within the operational space of the reactor. 


Oak Ridge Separation Plants: In the design and construc- 
tion of the great uranium isotope separation plants at 
Oak Ridge, one of the two major sources of fissionable 
materials, the electrical engineers were called upon to 
perform semimiracles. In the Manhattan District days, 
Oak Ridge employed the largest group of electrical engi- 
neers ever brought together for one general project. 
Some worked on the electromagnetic process, the first 
to produce uranium 235, though this method has since 
been abandoned in favor of the gaseous diffusion process. 

These great diffusion plants at Oak Ridge, on which we 
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now rely for separation of the fissionable U-235 atoms frot 
the more plentiful U-238 atoms, are in being partly as a 
result of electrical engineering imagination. In fact, the 
electrical engineers worked themselves and their fellow 
engineers out of a lot of jobs by successfully designing for 
K-25 and its sister plants automatic control systems tha 
require very few operators. 

Before leaving this portion of the discussion, it should 
be noted that these electrical engineers have a substantial 
responsibility for the power supply for our atomic energ 
plants. Most of the power comes from the commerc 
or public systems, although some of it is generated on-s 
at, for example, Oak Ridge and Hanford, either to provide 
for a supply of greater reliability than can be expected 
from the general grid, or to provide spare capacity 
against emergency. ; 


When the present expansion of production plants 
which I have referred previously is completed, the AEC 
will be beyond compare the largest single user of electri 
power in this country—and I presume that means in th 
world. 


STATUS OF POWER FROM ATOMIC ENERGY FUELS a | 
RELATIONS BETWEEN THE AEC AND THE ELECTRICAL 


INDUSTRY 4 


Z 


N THIS POINT IT might be worth while taking a look 
at the relationships between the electrical power 
industry and the AEC and to discuss briefly the present — 
stage of development of power-producing machines burni 
nuclear fuels. That the AEC system should be a very large 
user of current, adding to the burden on the a 
generating capacity of the nation, seems paradoxical and 
painful to those readers of the Sunday supplements who 
look to nuclear reactors as a new and cheaper source of 
electric power to lift the burden of man’s drudgery. The 
atomic energy development program expects to vindi- 
cate the hopes of those who are confident of finding in 
uranium and thorium and reactors a new power supply 
But it will be some time before atomic energy machines 
will produce as much power as the atomic energy industry | 
consumes, 

There isn’t time available to me this morning to describe 
in detail those AEC projects which have been undertaken 
for the purpose of exploring techniques which might b e 
applicable in the power generation field. These projects 
include the reactors under design and development for 
propulsion of submarines and aircraft and experimental 
devices in the test phase or nearing completion at the 
reactor test station in Idaho. Numbered in the latter 
category are the experimental breeder reactor and the , 
materials testing reactor, both of which will provide useful 
data for future developmental work. 

The AEC continues to maintain, in spite of the pressure 
of its weapons activities, a vigorous research and develop= 
mental program in this field. But we are not the only one 
who have a stake in the development of such machines 
obviously, if this should turn out to be an economical 
source of power, the power-making and power-using 
industries will be affected. 


It is thus natural that industry should be interested in 
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he development of power reactors. It has been difficult 
o find ways and means, because of the monopolistic 
haracter and the security requirements of the AEC, of 
aking this interest effective in speeding development. 
ow it appears that progress is being made. 
The Commission is very much pleased that four groups 
firms have entered into agreements under which they 
€ assigning, at their own expense, their best technical 
en and employing qualified consultants to study the 
eactor program. Eight major companies, including Dow 
hemical Company, Detroit Edison Company, Bechtel 
orporation, Pacific Gas & Electric Company, Monsanto 
hemical Company, Union Electric Company, Common- 
ealth Edison Company, and Public Service Company of 
orthern Illinois, are actively engaged in these studies. 
The agreements provide for the making of analyses by 
he companies to (a) determine the engineering feasibility 
f their designing, constructing, and operating dual- 
purpose reactors to produce fissionable materials and power; 
b) examine the economic and technical aspects of building 
uch reactors in the next few years; (c) determine the 
ossible research and development. needed to validate 
heir design thinking; and (d) recommend industry’s 
ole in designing, building, and operating such reactors. 
Since only a limited number of studies are being under- 
aken and since they will be based on information acquired 
t public expense, yet not generally available to the public, 
EC will determine the disposition of patent rights and use 
of reports to be made as a result of these studies. 

When and if it is feasible to produce commercial power 
many public policy decisions will be involved and the 
present atomic energy law may have to be changed. If 
you are familiar with the McMahon Act, you will remember 
these words: “Whenever in its opinion any industrial, 
commercial, or other non-military use of fissionable material 
or atomic energy has been sufficiently developed to be of 
practical value, the Commission shall prepare a report to 
the President stating all the facts with respect to such use; 
the Commission’s estimate of the social, political, economic 
and international effects of such use and the Commission’s 
recommendations for necessary or desirable supplemental 
legislation. ‘The President shall then transmit this report 
to the Congress, together with his recommendations.” 

Thus, if the work being done by these four teams of 
industrial concerns should result in proposals for commercial 
power production and the formulation of a report as 
required by the Act, they will have rendered a real service 
not only to themselves, but to the people and industry 
generally. They will have brought into focus the economic 
problems of power production from nuclear fuels. 

For myself, I am greatly heartened that these concerns 
are investing their own funds in such pioneering effort. 
Their action is an example of what free enterprise really 
means; and thank goodness it still persists and thrives, 
even in the face of the peculiar conditions and difficulties 
surrounding atomic energy development in an embattled 
world. Success in applying the push of private investment 
and initiative in this field will broaden the opportunities 
and increase the complexities of the electrical engineer’s 
job. 
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WHERE TO GET ENGINEERS IN THE FUTURE? 


pa NOW LET ME discuss just for a moment an item of 
very considerable importance to the future welfare 
of this nation. In the atomic energy business we are 
smack up against the shortage of trained engineers and 
scientists. This is a tale of woe which must be all too 
familiar to the men in this audience. The reasons for it 
you must know in part, but let me list a few of the most 
important. 


(1) The demand for engineers has increased by reason of: 


(a) A tremendous expansion in the amount of research 
and development effort supported by government and 
industry during and since World War II. 

(b) The design, building, and operating of new plants 
to manufacture the products and devices resulting from 
that research and development effort. 

(c) Full employment with a high national income level 
pushing up the market for products of all kinds throughout 
the economy. 


(2) On the other hand, the supply of engineers is de- 
creasing drastically as the result of a decreased enrollment 
in technical schools due in part to the low birth rate of the 
early 1930’s and in part to poor guessing on the part of edu- 
cators and government statisticians as to the probable 
future market for engineers. 

While we may blame the statisticians for misreading 
the trend or giving too much weight to temporary decreases 
in demand, we must blame ourselves, in my opinion, for 
our inability to realize that the most precious ingredient 
in any product is the manpower that conceives, designs, 
manufactures, and distributes it. In each of these vital 
steps the engineer is to be found in increasing numbers 
and yet we as industrialists and employers will invest 
more money on specialized materials for new processes 
than we will on specialized and well-trained manpower. 
We stockpile raw materials but expect that good men will 
be educated and available through some magic process 
or other without effort or interest on our part. 

I speak with feeling on this matter because of the effect 
that this present and continuing shortage of well-trained 
men is having on the Commission’s program and because 
of the personal knowledge I have of «he financial and 
enrollment problems faced by most of the nation’s finest 
institutions of higher learning in the fields of science and 
technology when these demands fluctuate. And I speak 
of it as well because there is something that each of you 
can do about it. 

I assume that we agree that there is a present shortage 
of technically trained men. I assume that you will accept 
the predictions of those who have studied the situation 
when they say that there is no well-defined program to 
reverse this trend and that this shortage probably will 
continue through 1960. You. can if you will take one or 
all of the following steps to aid in correcting this situation: 


(1) Convince the men who run your companies that 
this is a serious matter. Even though your own organiza- 
tion may be quite adequately staffed at the present time, 
the future is apt to find you shorthanded. If your principal 
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customers are unable to find an adequate number of 
engineers for their organizations your own market may be 
somewhat lessened. This then calls for an unselfish and 
broad interest to be taken in the problem by all of industry. 

(2) Encourage personally any likely young men of 
your acquaintance to think about a career in the engineer- 
ing fields. 

(3) Encourage college students already enrolled in 
engineering curricula to continue with graduate work 
wherever they have the capability. 

(4) Convince your company of the need for support of 
the operations of the private engineering colleges and for 
support of basic research in all of the engineering col- 
leges. Don’t let the government take over the complete 
responsibility for the support of basic research in these in- 
stitutions. 

(5) Since you are all college men, why don’t you review 
and increase your personal contributions to the support of 
your colleges. They are struggling with inflation too! 
Perhaps I’d better stop right here because this is beginning 


Adjustable-Voltage Control Handles 250-Ton Crane Loads at McNary Da n 


Crane controls so sensitive they can regulate the move- 
ment of a 250-ton load to within 1/32 inch were tested 
recently at McNary Dam by the United States Army Corps 
of Engineers. McNary Dam is located on the Columbia 
River near Umatilla, Oreg.. Developed by the Westing- 


house Electric Corporation, the new adjustable-voltage 
control has been installed on the first of two 200-ton gantry 
cranes built by the Judson Pacific-Murphy Corporation, 
Emeryville,. Calif. These cranes will’ be “used to raise 
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to sound very much like the speech of a college preside 
to an alumni gathering, isn’t it? 

I have tried to give you a picture of the atomic energ 
industry and the important part played in that ind 
by the electrical engineer. I have tried to make you aware 
of the Commission’s attitude toward the participation ¢ 
industrial concerns in its attempts to find useful peacet 
applications for this new source of energy. I have 
dicated, as well, the importance to the future prosecutioy 
of the atomic energy program of a continuing and increas 
ing supply of engineers. Finally, I have asked your assist 
ance in taking those steps which may increase the suppl 
of well-qualified engineering graduates in the years imm: ] 
diately ahead of us. This is your business and I invite 
you to share in some of the responsibilities for successful 
prosecution of its program. 
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and lower the 126-ton spillway gates at the dam as show 7 


in the picture. When a gate is raised, the load on the 
crane approaches twice the weight of the gate, because ¢ 
the downward pressure of the water rushing under 1 
Each crane is 60 feet long, 42 feet.wide,..and. towers 
feet above the top of the dam. Mounted on 16 wheels, 
the giant cranes move along the top of the dam on rails | 
placed 34 feet apart. 

The adjustable-voltage control embodies speed-torque | 
characteristics that inherently cause the motor to slow down 
in both the hoisting and lowering cycle when the load i 
increased, without change in the setting of the control 
The control measures the load on the motor, and adjusts 
the speed accordingly. The system provides a stalling 
torque of 200 per cent of full-load torque, thus limiting the : 
maximum mechanical and electrical stresses. 

The d-c motors for the main hoist, trolley, and bridge 
drives are powered through a 4-unit motor-generator 
mounted in the machinery house on the main trolley a 
each crane. The set converts 440-volt a-c power te 
direct current. For simplicity of design and operatior 
the d-c voltage is controlled by the generator fields ra 
than by resistors in. series with the motors. The m 
hoist motor is 60 horsepower. This power, transmitte 
through an extensive gear train, permits a maximum speé 
of 4 feet per minute when the main hoist is under full loa 
handling the spillway gates. 

There is also an auxiliary trolley with hoist that ca 
handle 15-ton loads at approximately 20 feet per minut 
Counter-torque a-c control with wound-rotor motors 
employed. This hoist will be used to pick up debr 
lodged against the upstream face of the dam, and 1 
service the deck. 
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HE PROPER FUNCTIONING of electric contacts 
is of great practical importance. Much work has been 
one on contacts, but comparatively little has been done 
n types of transient phenomena occurring in inductive d-c 
ircuits when the circuit is broken. This oscilloscopic in- 
estigation covered the variation of transients occurring for 
fixed contact pair over a range of lumped inductance and 
mped capacitance values in a contact circuit. In addi- 
ion, effects on the transients of varying the current and the 
oltage impressed on the circuit were studied. 

Two distinct types of transients, designated plateau and 
trikeover transients, examples of which are given in Figures 
and 2 respectively, were found. The plateau transient 
as characterized by a voltage plateau at about 300 volts 
hich was accompanied by a bluish-violet contact dis- 
harge. Strikeover transients consisted of a series of relaxa- 
ion oscillations; in general maximum voltages of successive 
trikeovers increased, as shown in Figure 2, presumably be- 
ause increased contact gap-length led to increased break- 
own voltage. Frequently a low-voltage arc occurred at 
he beginning of each strikeover. The rising and perfo- 
ated base-line (zero contact-voltage line) of the figure pro- 
ides evidence of such arcs. Under these conditions a 
eenish discharge was observed at the contacts. ‘This 
ransient decreased in frequency and maximum voltage 
ith increase in shunt capacity in the contact circuit. 
Various mixed transients were observed. Plateau transi- 
nts were preceded frequently for short periods by strike- 
vers; plateau fragments were found interspersed between 
strikeover series, and initial plateaus often gave way to 
ttrikeovers. For relatively high currents, arcs were ob- 
served preceding the other transient forms. 

Damped sinusoidal waves are shown terminating the 
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Figure 1, Typical plateau transient 


DECEMBER 1951 


Martin, Stauiss—Contact' Transients in Simple Electric Circuits 


Contact Transients in Simple Electric Circuits 


HOE. STAUSS 


voltage transients of Figures 1 and 2, and when the shunt 
capacity was sufficiently great the transient phenomena 
consisted entirely of such waves. Under the latter con- 
ditions, no discharge was seen at the gap. Apparently the 
waves were initiated when, as the contact gap lengthened, 
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Figure 2. Typical strikeover transient and damped terminal 
oscillation 


the voltage was inadequate to induce or sustain gap dis- 
charge. 

A transition sequence of transient types with increased 
circuit shunt capacities was noted under many conditions, 
and the following relations appeared to be true for any 
values of impressed voltage, current, and inductance for 
which plateau transients could be observed: 


1. For low shunt capacities plateau transients pre- 
dominated. 

2. As the shunt capacity was increased plateau transi- 
ents gave way to strikeover and mixed transients with the 
former predominating. 

3. ‘These in turn gave way for high capacities to damped 
phenomena similar to those terminating the other transients. 


Circuit conditions which favored high-surge currents at 
gap breakdown were the same as those that increased the 
probability that voltage strikeovers would occur to the ex- 
clusion of plateaus. Gap or contact conditions also in- 
fluenced the types of transient phenomena which occurred 
for given circuit conditions. 

Digest of paper 51-48, ‘‘Contact Transients in Simple Electrical Circuits,” recom- 
mended by the AIEE Committee on Basic Sciences and approved by the AIEE Technica! 
Program Committee for presentation at the AIEE Winter General Meeting, New York, 


N.Y., January 22-26, 1951. Scheduled for publication in AIEE Transactions, volume 70, 
1951, 


F. E. Martin and H. E, Stauss are both with the Naval Research Laboratory, Washing- 
ton, D.C. 
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HE OPERATION OF AN electric system today 
Se the highest possible reliability of service to 

the customer consistent with economic justification of 
the costs of such service. 

This article deals with the fundamentals of fire protection 
in electric stations and discusses some fires which have 
occurred on the Consolidated Edison System. The most 
important thing is to design equipment so that the possi- 
bility of fires will be reduced to a minimum. Next in 
importance is to be able to extinguish such fires that do 
occur while they are in their early stages. 


FIRE PREVENTION BY ENGINEERING DESIGN 


Yard Coal Storage. Coal as it is being stored should be 
compacted in dense layers so as to minimize the voids 
which contain air and which 
also serve as air passages to 
provide oxygen for combus- 
tion. Then, as a further 
precaution against moisture 
infiltration or air penetration 
which would increase the 
probability of spontaneous 
ignition, the sloping sides and tops of the piles may be given 
a coating of heavy water gas tar or other sealing material. 


Coal Bunkers. Coal bunker fires are caused when portions 
of the coal remain stationary for extended periods of time. 
Coal passages can be designed to provide a minimum of 
flow interruptions and stagnant areas by applying certain 
designs found good in practice; see Figure 1. Avoid 
sudden constrictions or sharp changes in direction of the 
coal flow. Use round cross-sectional shapes with no 
corners in which arching can occur. Keep all lines of 
flow at maximum possible angle of inclination with the 
horizontal. Use one vertical side in any converging section 
so that arching is minimized. Use permanently smooth 


GOAL BUNKER 
OR SILO 


BUNKER HAS INCLINED SIDES ARE 
VERTICAL SIDES STEEP 
WHEREVER EP AS POSSIBLE 


POSSIBLE 


: SHORT, STRAIGHT CHUTE Figare i: ,Sche- 
WITH DIVERGING TAPER matic layout of 
bunker designed 


FEEDER & PULVERIZER to maintain free 


flow of coal 
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The two most important aspects of fire pro- 

tection in electric generating stations—preven- 

tion by engineering design and fire fighting— 
are discussed in detail. 
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material such as stainless steel as a lining for converging 
sections. Use silos rather than rectangular bunkers 
Place the bunker or silo discharge opening vertically o 
the coal feeding equipment. Use the shortest possi 
chute from the bunker or silo bottom to the feeding equig 
ment. Avoid equipment which causes intermittent coal 
flow such as batch-type scales. 7 

Liquid and Gaseous Fuels. Means must be provided for 
shutting off the flow of fuel from a point external to 
area, such as emergency shut-off valves located outside 
the boiler house. Piping should be of more than adequ 
strength and all welded to withstand the maximum pressur 
which can be developed under any condition. Piping 
should be fabricated so as to minimize any leakage wh 
might occur and it is necessary to locate points of possi 
leakage, such as valve stuff- 
ing boxes, in a safe location, 
Piping should be so routed 
to reduce the chance, in th 
event of a break, that the fuel 
will come in contact with a. 
source of ignition. Ignition, 
when starting a boiler or 
operating at light loads, should be continuously monitored 
with provisions to shut off the fuel should ignition loss or 
unsafe furnace conditions develop. 


Lubricating Ou. Lubricating oil systems introduce a 
fire hazard because of the possibility of leaking oil com 
in contact with hot surfaces. The auto-ignition temp 
ture of turbine oils is from 650 degrees Fahrenheit to 
degrees Fahrenheit. The auto-ignition temperature 
the lowest temperature to which a mixture of flammable 
vapor and air must be heated to ignite the mixture in 
absence of a spark or flame. Inlet steam temperatures im 
modern industrial turbines are from 750 to 1,050 degrees: 
Fahrenheit. Oils coming in contact with surfaces at these 
temperatures will ignite. 

It is important that all welded construction be used im 
the oil lines; also that any small connection for controls 
or gauges be of rugged construction and protected fro 
physical damage. Fires have occurred from breakages 
of such slender connections. 

Turbine manufacturers are locating oil reservoirs 
remote from the high temperature parts of the turbine 
practical. Separately driven main oil pumps may be us 
to accomplish this purpose. 

On older flanged and bolted systems, where oil leak 
is more likely to occur, the oil lines should be relocat 
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ay from hot steam lines and if this is not practical the 
a should be protected by means of a water spray system. 
A 5-inch cast-iron elbow in an oil line, operating at 40 
tunds per square inch pressure and connected to the oil 
tem of the number 9 turbine generator at the Hell Gate 


gure 2. Failure 

a cast-iron elbow 

the lubricating 

system caused 
oil fire 


tation, ruptured:on June 28, 1943, and the oil coming in 
ontact with the nearby high temperature steam lines 
725 degrees Fahrenheit, 270-pound pressure) ignited. 
igure 2 shows the broken elbow. The emergency steam- 
iven oil pump fed 1,500 gallons of oil through the broken 
Ibow. The fire was extinguished in 35 minutes by 
prinklers and hose streams. Severe damage was done to 
iping and auxiliaries in the turbine room. 


~ Steam-Turbine-Driven Generators. Hydrogen cooling is 
vailable in new machines rated at 15 megawatts and 
arger. Since a hydrogen atmosphere does not support 
mbustion, the winding insulation in modern machines 
not burn following interruption of a fault in the 
ding. Control of hydrogen purity is essential to 
revent fire and explosion. A CO, gas purge must be 
used to prevent the formation of explosive mixtures of 
hydrogen and air when such generators are being filled 
with hydrogen, or when they are being taken out of service. 
Portable thermal conductivity gas leak detectors are used 
to locate any small hydrogen leaks that may occur. The 
existence of a leak is also indicated by an increased use 
of hydrogen. When using a phase-isolated metal-clad 
bus, which connects to the generator terminals, a baffle 
insulator should be provided a few feet from the generator 
and vent holes also should be provided in the metal-clad 
housing to vent to the atmosphere any hydrogen leak 
coming out of the terminal bushings. These vent holes 
should be supervised periodically using a portable leak 
detector. 

In air-cooled generators means may be provided for 
spraying fresh water in the generator housing. When 
the insulation on windings in such generators breaks down, 
arcing usually sets fire to the insulation. Perforated water 
pipes or steam pipes installed at both ends of the stator 
winding may be used. Water or steam should be ad- 
mitted only after the main and field switches have been 
pened. To prevent accidental discharge of water or 
team into the generator the final connection to the gener- 
ator should be made up with a piece of hose at the time 
of the fire. 
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A stator winding fire, shown in Figure 3, was caused 
by a short circuit in the winding of generator number 8 
at the Hudson Avenue Station on March 23, 1942. The 
short circuit was caused by a failure of the coil insulation 
in a slot. The generator and its field excitation were 
cleared from the bus by differential relay operation in 0.2 
second. The neutral of this generator is solidly grounded. 
The short-circuit current persisted for about 5 seconds, 
which is the time required for the field to die down. Water 
sprays were turned on after the generator was de-energized. 
About one-quarter of the machine iron had to be restacked 
because of the burnt iron due to arcing. 

Another stator winding fire occurred on January 25, 
1945, on generator number 8 at the Hell Gate station due 
to overheated clamping details. No fire extinguishing 
means were used as the fire was not sustained. 


Transformers. Oil-insulated transformers are the most 
common type and due to the flammability of the oil they 
present the greatest hazards. 

The Consolidated Edison Company experienced two 
very severe transformer oil fires at the Hudson Avenue 
Station on March 15, 1945, and June 23, 1945. In these 
cases both transformers were single-phase 16.5/27.6/27.6- 
kv units rated at 66,667 kva each. These are autotrans- 
formers used to increase the generator voltage of two 
200,000-kva machines to the bus voltage of 27,600 volts. 

On March 15, C’ phase transformer of the number 8 
machine experienced a pothead failure, which set fire to 
the oil in the main transformer tank, and which continued 
to burn for several hours. It is believed that the fire was 
caused by an electric short circuit at a 27.6-kv pothead 
which was cleared from the station bus by relays and 
circuit breakers in less than 1/2 second. In rebuilding the 
transformer and its vault the design was changed so that 
the generator cable potheads were terminated in an air- 
insulated housing and, through flexible connections, were 
connected to oil-filled bushings which are mounted in the 
top cover of the transformers. In addition, water spray 
protection was installed in each transformer vault and 


Figure 3. Stator 
winding fire 
caused by short 
circuit in winding 


made automatic so as to smother a fire before it.can gain 
headway. 

On June 23, 1945, a second failure and an oil fire. oc- 
curred in a similar transformer of number 7 generator at 
Hudson Avenue and is shown in Figure 4. The fire was 
brought under control somewhat quicker and the damage 
due to the fire was not as great. However, it was also 
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Figure 4. Trans- 
former oil fire. 
Damaged cable 
potheads inside of 
66,667-kva single- 
phase autotrans- 
former 


Figure 5. Sealed- 
tank, dry-type 


transformer 


necessary to return this transformer to the factory for 
rebuilding. Needless to say, improved transformer tops 
and water spray protection were installed. 

Important or large oil-insulated transformers should be 
considered carefully for protection by adequate space 
isolation or with fixed fire-extinguishing systems and 
should be surrounded with suitable brick or concrete 
barriers and these transformers should be placed over 
coarse crushed stone and the total volume of the voids 
should equal the volume of the oil inside the transformer. 

Askarel transformers are safe from a fire hazard view- 
point, as the insulating liquid is nonflammable, but the 
gases which are generated during a transformer fault may 
be of sufficient pressure to cause rupture of the tank. 

Dry-type, air-ventilated transformers have about the 
same fire hazard as motors of equivalent size and voltage 
and similar type of insulation. 

The modern sealed-tank, dry-type transformers with 
nitrogen or other inert gas inside the tank are fireproof. 
The sealed tank, dry type, shown in Figure 5 with inert 
atmosphere inside the tank can be recommended highly. 


Circuit Breakers and Switchgear. Since about 1940 fewer 
oil circuit breakers have been installed each year in indoor 
installations. In station auxiliary circuits and in 4-kv 
distribution substations, magnetic gas circuit breakers 
generally are used. 

In main generating station or high-voltage distribution 
substation service, use is made of air-blast power circuit 
breakers at 15 kv, 34.5 kv, and 69 kv. Figure 6 shows a 
69-kv air circuit breaker. 
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A bad circuit breaker oil fire was experienced on Oct oF 
26, 1949, in a 27-kv truck-type power circuit breaker at 
Fifth Avenue substation, due to its being closed onto #] 
system under out-of-phase conditions. This is illustrat 
in Figure 7. The circuit breaker failed to interrupt ai 
developed pressures in the tank which caused the explosio 
The substation was shut down completely and it was abs 
nine hours later when the first bus was restored to service 
and the substation was able to supply power again. 

The Consolidated Edison Company has now gone 
entirely to air and porcelain insulation in bus gear for 
voltages from 15 kv to 69 kv, as shown in Figure 8, and 
avoiding the use of oil-filled equipment in all new major 
switchgear assemblies. 


New Construction and Repair Work. In any modern 
generating station there is almost never a time when new 
construction or major alterations or repairs are not ip 
progress. Many fires in these areas are caused by welders” 
sparks dropping on to the scaffold planks, tarpauli 
crates, and other class-A combustibles. Hence, special 
precautions should be taken to prevent sparks from fallir 
on to combustible material. j 

A continuous fire watch should be maintained 
large construction jobs. At the completion of the da 
work on large and small jobs, a fire watcher should 
tour of the construction area, for most fires in such lor 
occur at this time. 

As construction progresses, the sandpie should | 
extended in the construction area, and hose should | 
attached, ready for use. If the job will last through 
weather, antifreeze extinguishers should be pi 
instead of the customary soda-acid type. And, of co 
where oil, gasoline, or other flammable liquids are hand! 
or stored a sufficient number of 20-pound dry chen ic 
extinguishers should be provided. 


= 


FIRE FIGHTING 


Chemical foam is produced by 
action of a water solution of aluminum sulphate mixing 
with a water solution of bicarbonate of soda and a foam 
agent, such as extract of licorice root, liquid soap, and 
forth. The foam bubbles produced are filled with CO, gas. 

Years ago, when nothing better was available, portable 


Foam Extinguishers. 


. Figure 6. 69-k 
2,000-amper 
3,500 - megavol 


ampere air-bla 
Se circuit breaker 
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jam extinguishers were installed in generating stations 
pd substations as protection for insulating oil fires. But 
jday foam is being removed from such locations and is 
ping replaced by dry chemical, for the latter is a non- 
pnductor and it extinguishes the fire more quickly, al- 
ough it does not prevent reignition as does foam. 


| Vaporizing Liquid Extinguishers. This type extinguisher, 
jhich contains carbon tetrachloride or chlorobromo- 
ethane, is well suited for fires in exposed windings of 
otors or other electric apparatus. Air pocketed in the 
pid spaces in the windings will often resist displacement 
such gases as CO, and aerated dry chemical, but the 
quid extinguishing agents can be squirted into, or they 
hay drip into, these voids, then evaporate and displace 
€ air, and thus smother the fire. 

Vaporizing liquid, if properly applied, is effective on 
nall oil fires in confined locations, but it may be prac- 


Figure 7. Results of oil switch fire at a substation 


ically useless on out-of-doors fires on a windy day. When 
yaporizing liquid is used in confined spaces gas masks 
hould be worn. 


CO, Extinguishers. ‘These are recommended particularly 
or switchboard fires where relays and other sensitive 
nstruments might be put out of service by other extinguish- 
ng agents. 


Mobile Water Spray Extinguisher. The Consolidated 
idison System designed and constructed a number of 
nobile fog outfits for use in high-tension electrical galleries. 
This unit consists of a 20-gallon tank of water, pressurized 
when called into service) by a cylinder of nitrogen at 
200 pounds per square inch with a pressure regulator 
ind mounted on a wheeled buggy. A 3/4-inch rubber 
lose is equipped with a 10-foot applicator having a spray 
jozzle at a 45-degree angle. This is very useful for work- 
ng down a narrow gallery aisle between compartments 
ind directing the fog into the cell where the fire is. See 
‘igure 9. The control valve on the applicator is equipped 
vith a ground wire as an added precaution in case the 
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Figure 8. Section 
of 69-kv metal-clad 
isolated phase bus 


Figure 9. Special 
20-gallon water 
spray extinguisher 
for high-tension 
gallery fires 


applicator should touch any live conductor concealed by 
smoke. 


Dry Chemical Extinguishers. This relatively new kind of 
extinguisher is becoming increasingly popular in electric 
stations and substations. While this type is approved 
only for class-B and class-C’ fires, it has been found very 
good for blazing class-A fires. As the powder (about 95 
to 97 per cent bicarbonate of soda) has relatively little 
cooling effect, it will not extinguish deep-seated fires such 
as those in heavy timbers or glowing embers. It will 
quickly “‘knock down” the blaze and facilitate making a 
rescue, closing a valve, or running for a class-A extinguisher, 
but in less than a minute the embers will cause blazing 
again. 

Dry chemical having been found more satisfactory than 
foam for small- to medium-size oil fires, a large number of 
foam extinguishers, particularly the 40-gallon wheeled 
type, are being retired. One of these big units has been 
converted by an extinguisher manufacturer into a pres- 
surized dry chemical extinguisher of 250 pounds’ capacity, 
see Figure 10. The tests made thus far have proved 
encouraging, for this unit has ample capacity, longer range, 
and longer time of discharge. 


Fog Nozzles. ‘To afford protection of electric generating 
stations against oil fires which have reached a size beyond 
the ability of hand extinguishers to handle, it has been 
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Figure 10. 40-gallon foam extinguisher converted into 250- 
pound dry chemical type 


found desirable to install 21/.-inch (or in some instances 
11/s-inch) high-velocity fog nozzles, with low-velocity fog 
applicators which can be attached to them, if so desired, 
at strategic locations in the station. This equipment, 
together with two lengths of cotton rubber-lined fire hose, 
spanner wrenches, and so forth, should be kept in a long 
wooden cabinet specially constructed to accommodate 
them. This high-velocity fog will extinguish fires in high 
flash point oils, but not in low flash point liquids. It will, 
however, control such fires, and hence may be used. The 
low-velocity fog nozzle, mounted on a long applicator pipe, 
does extinguish both by cooling and by smothering, and 
thus it can be used to extinguish all oil fires of limited size. 
Of course, due to the metal construction, the applicator 
should not be used near live electric apparatus. To pre- 
vent accidental discharge of a solid stream of water from 
the high-velocity fog nozzle, the orifice is tapped out and 
a brass pipe plug screwed in. If the stream is required 
for a roof fire the plug can be removed readily. 

Although fog should not be used intentionally on live 
electric apparatus, it can be done safely, even on high 
voltages. Unless local Fire Department regulations re- 
quire 21/:-inch hose at all standpipe outlets, the 11/.-inch 
fog nozzle will be found most practical, for it can put out 
almost as much fire as the 21/>-inch fog nozzle, yet only 
one man is required to hold it. In other words, two men, 
each with a 11/2-inch fog nozzle, can put out a much 
larger fire than two men holding one 21/:-inch nozzle. 
This is important in small stations which are usually short 
on available manpower. Fog nozzles should not be used 
on unlined linen standpipe hose, for lint worn off the inside 
of the hose by the flowing water may clog the small orifices 
of the nozzle. 


Foam Hose Lines. Even though water fog and dry 
chemical have proved very effective on small- and medium- 
sized oil fires, there is nothing like foam for a very large 
oil fire. This foam may be supplied either by under- 
ground piping which leads to mixing chambers at the top 
of the tank or by portable hose lines. Ordinarily chemical 
foam is used for this purpose. 

Portable apparatus is also available for producing 
mechanical foam. This is a liquid foam solution (like 
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liquid soap) which is drawn into the hose nozzle and mixe 
with the water. Air is also sucked in to aerate the bubbles 
Each type of foam has its advantages and limitations. 
instance, chemical foam is heavier, more stable, and 
adhere better to vertical surfaces, but each line usuz 
requires four men to operate it—two at the nozzle and 
dumping foam powder into the foam generator hop 
On the other hand, mechanical air foam will flow m 
freely across the surface of the burning oil and will work 
way around obstructions, and only one man, or possi 
two, is required to handle the hose line. ; 

Foam of either type can be discharged through a special 
fog nozzle. ‘This gives the great heat absorption advantag 
of fog, and in addition a foam blanket forms on the surf: 
of the burning oil and prevents its reignition. 


Oil Fires. Oil fires in generating stations are no different 
from those occurring elsewhere, except for the quantitie 
involved. Those in protected areas will be handled auto- 
matically or manually by the spray, CO:, or che 
foam system which has been installed for that purps 
Those in other, unprotected locations can best be hand 
by dry chemical extinguishers, or by fog or foam 
lines, or by any combination of these extinguishing agents. 


Gas Fires. One very important rule is: Never extinguish 
a gas fire, unless by so doing you can gain access to ie 
shut-off valve and thereby stop the flow of the gas. This 
rule applies to fires in acetylene cylinders or hoses, as well 
as in the large piping used to supply natural gas to the 
boilers. 


Electric Manhole Fires. Dry chemical extinguishes 
fire most quickly but, like COs, it has relatively little heat 
absorption ability, so if the metal of the transformer remains 
hot there is a possibility of reignition. Also, dry chemic 
leaves some mess inside the manhole, not as bad as foam, 
but enough to cause an objectionable dust cloud in the 
neighborhood when it is displaced from the manhole by 2 
jet from an air hose. Some degree of success has been h 
by throwing a dozen or so of the small glass bombs ¢ 
taining carbon tetrachloride into the manhole. Rega 
less of the kind of extinguishing agent used, the manhol 
must be purged and tested before anyone is allowed t 
enter it. 


Fire School. To train the fire brigade members in the 
proper technique for extinguishing all types and sizes Of 
fires, it is desirable to organize and equip a fire school 
where the men can receive the necessary instruction ane 
experience on actual fires, Figure 11. Lectures should be 


Figure 11. High-velocity fog directed at target energized at 27 I 
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Figure 12. Elements of combustion 


riven on such subjects as various types of extinguishers, 
he use of fog and fog nozzles, and elements of combustion, 
figure 12. 

Co-operate with the city fire department by inviting the 
fficers of the nearest fire company to visit the station and 
how them all the hazards so that they can avoid them if 
alled to a fire in the plant. Have the fire brigade drill 
n the presence of the chief and you will find the fire 
lepartment officers very co-operative. Then, if called to 
| fire in the station, the firemen will be receptive to any 
dvice or suggestions you may have to offer them. 
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CONCLUSIONS 


1. Coal bunker fires are caused when portions of the 
coal remain stationary for extended periods of time. The 
occurrence of fires can be eliminated by careful design 
which assures no stagnant areas and by frequently emptying 
the bunkers. 

2. Liquid and gaseous fuel piping must be of more than 
adequate strength and all welded to withstand the maxi- 
mum pressure which can be developed under any condition. 
Piping should be so routed as to reduce the chance, in the 
event of a break, that the fuel will come in contact with a 
source of ignition, such as a hot surface. Means must 
be provided for shutting off the fuel from a point external 
to the area. 

Lubricating oil systems also introduce a fire hazard 
because of the possibility of leaking oil coming in contact 
with hot surfaces. All welded construction should be used 
and small connections for controls or gauges must be of 
rugged construction and protected from physical damage. 
The oil lines should be located at a reasonable distance 
away from hot surfaces. 

3. Fires in oil-insulated transformers are generally 
extremely intense and, therefore, it is important that they 
be located carefully. Important or large oil-insulated 
transformers should be considered for fixed water spray 
fire extinguishing systems. 

Askarel transformers are safe from a fire hazard view- 
point, as the insulating liquid is nonflammable, but the 
gases which are generated during a transformer fault may 
be of sufficient pressure to cause rupture of the tank. 

The modern sealed-tank, dry-type transformers with 
nitrogen or other inert gas inside the tank are fireproof. 
The sealed tank, dry type, with inert atmosphere inside 
the tank can be recommended highly. 

4. To reduce the fire hazard from oil-filled equipment 
in inside plant locations magnetic air-type or air-blast 
circuit breakers should be used. For the same reason the 
use of totally enclosed metal-clad bus and switching equip- 
ment is recommended. 

5. During major construction or repair work many 
fires are caused by welders’ sparks dropping on to planks, 
tarpaulins, crates, and so forth. Special precautions 
must be taken to prevent sparks from falling on to combus- 
tible material. 

6. The mobile water spray extinguisher is very effective 
in electrical gallery fires. 

7. The dry chemical extinguisher is the nearest ap- 
proach to an all-around hand extinguisher which is com- 
mercially available for use on small- to medium-size fires 
in electric stations. 

8. High-velocity water fog from a 11/2-inch or 21/9-inch 
fire hose is the best all-purpose heavy-duty portable fire 
equipment for use on medium- to large-size fires in power 
plants. 

9. In order for any electric station to provide its own 
fire protection, it is necessary not only to install proper 
extinguishing equipment but also to train personnel in its 
selection and use. Every electric company should organize 
its own fire school where practice can be had on actual 
fires under simulated station operating conditions. 
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ASSOCIATE MEMBER ATIEE 


OME PAST PRACTICES in the high-voltage trans- 
mission of power have been more conservative than 
proved necessary. Liberalized practices put into effect on 
the 230-kv system of the Bonneville Power Administration 
have resulted in sizable annual savings. 

It is present Bonneville practice to use 14 suspension in- 
sulators for 230 kv on steel structures and 12 on wood-pole 
lines. Since lines are not protected with ground wires, insu- 
lation levels are not determined by lightning but rather by 
switching surges, safety practices, and maintaining service 
with broken units. Four steel towers with 11 units have 
operated satisfactorily for six years. Insulation levels could 
be reduced to 10 units on wood and 12 on steel, but these 
levels violate the National Electric Safety Code (NESC). 
The NESC has been adopted by some states as law, and for 
insterstate transmission lines it is economical to adhere to a 
common design. On lines equipped with ground wires, 
insulation levels probably should be determined by lightning 
flashovers and may well be higher than on unprotected 
lines. Radial counterpoise is used on some double-circuit 
towers to reduce the number of double-circuit outages that 
occur from tower hits. 

Adherence to the NESC involves higher costs without 
contributing to personnel safety. Steel structures must be 
designed to obtain specified clearances with a 45-degnee 
swing of the insulator string, but wood-pole structures need 
be designed only for a 30-degree swing. The hazard to 
personnel does not appear to be greater when working on 
steel structures than when working on wood poles. Main- 
tenance is accomplished with lines energized whenever pos- 
sible, When insulators swing as much as 30 degrees, main- 
tenance is conducted only in emergencies when lines are out 
of service. 

A maximum working tension of 40 per cent of the ulti- 
mate strength is used in sagging conductors. These lower 
tensions permit economic structure designs and keep vibra- 
tion toa minimum. Steel-reinforced aluminum cable con- 
ductors are now the predominating type. 
points are equipped with armor rods. 

Earlier structures could withstand stresses due to broken 
conductors, but experience indicates only a small degree of 
risk from this hazard. New light steel tower and wood-pole 
H-frame designs supplement heavier designs previously 
used. Wood-pole structures more recently put into use 
have 20-foot conductor separation permitting use of a 1- 
piece crossarm. 

The 230-kv wood-pole structures are susceptible to pole 
fires which usually occur on guyed structures. Large wash- 
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ers or gain plates making good surface contact to be 
crossarm and pole reduce the danger of pole fires. 
Counters on 230-kv lightning arresters in lightning are 
have never operated. The counters were tested and fou 
to be satisfactory, yet lightning hits have occurred to co 
ductors just beyond the 1-mile protective ground wire ad 
cent to major substations. 
The greatest factor effecting the magnitude of a traveling 
wave reaching a station bus from a mile or more away is t 
number of lines terminating on the bus. _When lightnii 
strikes a conductor on a steel-tower line, flashover usualh 
occurs at the nearest towers in both directions from the hi 
After flashover, the potential remaining on the line is a fune 
tion of the tower current and the footing resistance. J 
usual wave traveling toward a station consists of an i 
high overvoltage, short-time surge followed by a longer 
tailed wave of lower magnitude. A high rate of attenuatio 
reduces the initial surge so that it is not dangerous when 
reaches the station bus. If more than two lines termina 
on the bus, the voltage is reduced further due to the lower 
equivalent surge impedance, so that in stations containing 
multiplicity of lines traveling waves initiated a mile or moré 
away do not reach the station with enough voltage 1 
cause lightning arresters to operate. Ifa station is protecte 
from direct strokes for one mile and’where at least four line 
terminate on the bus, the probability of lightning-arres 
operation is remote. The same effective result is obtain 
for stations protected with two miles of ground wire with 
least three lines on the bus. 
The 1,050-kv insulation level for 230-kv transformers an 
circuit breakers was reduced to 900 kv in 1948, effecting 
reduction of 14 per cent in insulation level and in co 
This level has been reduced further recently to 825 kv. 
still lower level can be protected from surge voltages, bt 
some manufacturers have indicated that this is the minimul 
insulation level necessary to withstand power-frequene 
stresses. It is suggested that a power-frequency accelerate 
life test would be more appropriate than a surge test to det 
mine the power-frequency limitations of major insulatio 
Rapid growth necessitates increased transmission capi 
bility. One method would be to increase the voltage : 
existing lines by use of autotransformers. Early tower d 
signs and insulation levels on Bonneville Power Admin 
tration 230-kv lines are considered adequate for operatic 
up to 300 kv. Another method is to insert a relatively sme 
and inexpensive 2-winding transformer between the neu at 
and ground of transformers now in service which have 
1,050-kv basic impulse insulation level, and with the neutr 
insulated for 66 kv a basic impulse insulation level 
1,050 is satisfactory for voltages up to 295 kv. 
Transmission capability also can be increased by the u 
of series capacitors. An installation of this type is no 2 
service on the Bonneville system. 
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N AN ORGANIZATION 
such as The Hydro-Elec- 
tric Power Commission of 
tario, there is bound to bea 
t deal of data collected 
d processed. Wherever 
h a situation exists, statis- 
ians are involved. There 
ve been many unkind remarks passed about statisticians, 
ended to throw doubt on their intelligence, their veracity, 
d even their ancestry. In the popular mind they are 
haps further subdivided into two classes—those who 
llect dry figures for the census bureau or the insurance 
mpanies, and those who inflict the study of “Least 
uares” on student engineers. This latter class, at least, 
s in recent years been granted some measure of re- 
sctability and engineers are finding much of interest and 
ue in statistical analysis as an aid in the practice of 
gineering. It is this aspect of statistics—statistical 
gineering—that will be discussed. It is not the intention 
treat in this article any details of technique or specialized 
plication. Instead, it is the aim to illustrate for the 
Ainitiated the general applicability of statistical methods 
examples of typical problems which have been dealt 
ith in the Commission, and in its Research Division. 
‘For those unfamiliar with statistical terms it may be 
pful to describe in simple form some of the guiding 
rinciples which underlie all the different aspects of statis- 
calmethods. In one word, the basic theme is “‘variation.”’ 
© take a very simple example, suppose two sets of data 
re taken from two samples of 10 individuals each. If the 
verages were greatly different and each sample uniform 
1 itself, it would immediately appear that the two samples 
ere different. If the averages were closer together, or 
‘the variations within the samples were high, so that 
yme overlapping of individuals occurred, it would be less 
srtain that the two samples or the processes which pro- 
uced them were different. A statistical engineer could 
valuate the risk in making a decision that the two processes 
¢ products are, in fact, different, and what the probable 
ifference is. The analyst would first cut a “yardstick,” 
ased on the variation in the two samples, and then use 
iat yardstick to evaluate the difference between the 
umple averages. The procedure used to calculate this 
ardstick is a matter of technique but the “yardstick 
hilosophy” is important to every engineer. Balanced 
idgment of data is possible only when there is some 
ppreciation of the order of magnitude of the variation 
ue to testing errors, chance selection of the sample, and 
ther factors. To some extent this appreciation is de- 
floped with experience but statistical analysis is a more 
tiable and more immediate aid. 
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Statistical engineering has many applications 

useful to the utility engineer who must process 

large amounts of data. 

were solved by one large utility using these 

techniques, and some possible future applica- 
tions, are presented here. 
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Statistical Methods in a Utility 


E. L. HARTMAN 


Some applications of sta- 
tistical methods are already 
familiar to engineers. The 
last war saw a great increase 
in the use of statistical qual- 
ity control in industrial plants 
to aid production men in 
controlling product quality 
during manufacture. Statistical sampling schemes were 
widely used in the acceptance of materials, both by proc- 
essing industries and by the armed forces. These tech- 
niques have become familiar through the wide distribution 
of such books as the “American Society for Testing Ma- 
terials Manual on Quality Control of Materials,’’! based 
on the original work by Dr. Shewhart, and “Sampling 
Inspection Tables.’’? 

Other terms which denote phases of statistical methods 
less familiar to the engineer are: tests of significance, 
analysis of variance and covariance, design of experiments, 
and regression and correlation analysis. Once one has 
absorbed the yardstick philosophy—usually met first by 
engineers in control chart procedures—these other phases 
become less terrifying and their application more apparent. 


How some problems 


APPLICATION OF CONTROL CHART METHODS 


IHE APPLICATION of statistical methods in a public 
utility such as The Hydro-Electric Power Commission 
of Ontario is, of course, somewhat different from the 
application in manufacturing plants. The Commission 
manufactures for sale only one product—kilowatts—and 
control charts are not applicable at any stage of their 
production; nor is this product subject to acceptance 
sampling by the consumer. The Commission produces 
great quantities of concrete for use in dams, tunnels, and 
buildings, and statistical methods have been applied to 
control concrete quality with some success. For the most 
part, however, the Commission is in the position of a 
consumer purchasing a large range of items in quantity. 
Because the Commission generates most of its power by 
hydraulic means rather than steam, it has a huge investment 
in concrete structures. Quality of this concrete and of the 
materials which go into it is therefore of prime importance 
and cement was first turned to as an item for study by 
statistical methods. It is purchased from a number of 
different sources throughout the country and at each mill a 
resident inspector samples the product during manu- 
facture. Although the sampling is done during manu- 
facture, there is no thought of control of the process by 
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these samples because of the great time lag before test 
results are known. In a sense this is acceptance sampling, 
for all cement must be held in storage until it is approved 
by the Commission on the basis of tests carried out by the 
- Research Division. Some of these test results can be 
obtained quickly; others, such as strength and chemical 
analysis, take time. To make an early decision on the 
suitability of the material, it is helpful, then, to be aware 
of any trends which may be developing with time. 

Trends are most apparent if illustrated graphically, so 
the control chart method was adopted for analyzing cement 
tests of strength, chemical composition, and a quantitative 
measure of soundness. Control limits were established 
for these charts to indicate the extent of the variation which 
may be expected among future samples, and which may 
be considered as the normal chance variation of such 
samples from such a process. These limits are based on 
the past performance of similar samples and illustrate the 
yardstick philosophy referred to previously. As long as 
test results are randomly distributed between these limits 
it is assumed that the process is unchanging and the 
product unchanged from that which prevailed during the 
period from which the limits were calculated. However, 
the appearance of a test value outside the limits, or a 
number of consecutive values in ascending or descending 
order, or even a certain number of consecutive points on 
the same side of the average, is an indication that some- 
thing has changed and needs investigation. 

In addition to such charts, which indicate mainly the 
variations in product quality, it is useful to maintain charts 
showing the variability among identical specimens from 
the same sample. Again the yardstick principle is used 
to establish limits for this variation, which is a function 
mainly of testing. In this case any value of range-within- 
sample which exceeds the control limit is taken as an 
indication of need for investigation of the testing procedure 
itself. These charts are not revolutionary in concept; 
they represent rather a fairly obvious common-sense ap- 
proach to recording and simultaneously analyzing data. 
Their maintenance adds little to the duties of the technician 
or clerk and their ready interpretation saves considerable 
. time for the engineer who must approve the material. 

In four years of operation these charts have proved their 
worth many times. They have focused attention on testing 
procedure and equipment and initiated several test pro- 
grams in these fields. The programs were statistically 
designed and analyzed and resulted in recommendations 
involving such varied factors as change in work schedule, 
purchase of new equipment, and transfer of personnel to 
other duties. In addition to these benefits the charts 
have made it possible to reduce the amount of routine 
testing without an increased risk. This has amounted 
to a tidy saving in inspection costs on the last 2,500,000 
barrels of cement purchased. 

The principle of using charts for analyzing data and 
determining trends has been adopted also in the production 
of concrete at the job site. Here again the time-for-test 
factor makes it impossible to control the product by mathe- 
matics or graphs alone, but long-term trends, so important 
in concrete control, may best be detected graphically, 
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Perhaps the psychological aspect of these charts is of eq 
importance; there is less chance of the process being oy 
corrected if the inspector can see that test results are | 
falling within the band defining chance variation. Thy 
charts are a slightly modified form of the charts most ¢ 
monly found in industrial practice. They record the t 
strength of a single specimen at 7-day age and the averag 
and-range of two specimens at 28-day age. Becaj 
seasonal and other factors influence the strength ley 
control limits for test points are plotted about the runny 
average and are themselves based on the variation indicat 
by the successive difference between test points. 

human element is important in this type of test and ea 
inspector is represented by a different symbol on the che 
thus supplying an additional, quantitative factor in evaluz 
ing an individual’s work. From these charts a coeffici¢ 
of control is calculated to compare performance on varie 
jobs and to compare with other organizations doing simi 
work. The charts themselves form a valuable part of t 


job history for the records. 


STATISTICAL APPROACH TO SAMPLING 


y ) epeootinas soME of the Commission’s equipment 
purchased in single units, many items such as wir 
line hardware, poles, and lamps are purchased repeatec 
and in lot quantities. This is a fertile field for the appli 
tion of- statistical methods, both in specification and i 
acceptance sampling. Much more.can be done to mak 
specifications statistically sound. In many cases analy: 
of data in conjunction with normal engineering knowled 
would result in a better choice of tolerance limits ar 
perhaps even in performance level. With large quantiti 
of material, inspection procedure becomes an importa 
item of cost. The purchaser naturally wishes to be sut 
that the material supplied does meet the requirements 
his specification. ‘The size of the sample to be inspecté 
or tested and the tolerance limits for these sample piece 
as differentiated from the design tolerances can be evaluate 
properly by statistical means. Some schemes, based on th 
proportion of material outside design tolerance, a 
probably familiar to many—they have been widely used k 
industry. There are, however, other systems of samplil 
which allow very much smaller sample sizes if certal 
conditions exist. ‘These are much less familiar but des 
increasing attention, particularly by those industries whi 
buy repeatedly from the same source of supply. All 
these plans may be adapted to yield a known degree 
protection for individual lots of material or for averé 
quality over a period of time; they may be adapted 
sentence material based on a given sample size or a numb 
of successive sample sizes to furnish the psychological effe 
of “another chance.” There is no doubt that many 1 
spection dollars are spent which could be saved by | 
appreciation of the potentialities of such schemes. 

One small example may be worth quoting. Long-l 
lamps are purchased by the Commission and market 
under its own trademark. A national specification { 
lamps exists which defines the sample size as an arbitra 
5 per cent of the lot for testing efficiency. By anal 
of the data from this test it was found that the produc 
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zed a system of lot processing which resulted in good 
ormity within a lot, with possible significant differences 
een lots. This process was ideally suited to a variables- 
¢ sampling scheme using a small, constant sample size 
acceptance limits set inside the national specification 
ts by an amount determined from the within-lot 
iability. This sampling procedure has been in opera- 
nm for some time and has reduced testing in this phase of 
pection by about 85 per cent without sacrificing the 
ility to detect unsatisfactory quality. 

There are many applications of statistical methods 
ich can be lumped together under the general term 
nalysis of data.” Particularly in the Research Division 
the Commission, where much of the activity is testing, 
€ interpretation of test results, and their presentation 
reports is a daily concern. For ‘instance, the question 
ay be whether one make of flashlight battery is better 
an another, based on tests of a small sample. The data 
y consist of five values for each of three makes—the 
erages are not the same, but are the differences significant 
view of the variation that exists? The yardstick principle 
elds the answer quickly and allows rating of the products 
ith a definite degree of assurance. Some other typical 
plications have been in evaluating types of line hardware, 
amps, joints, and so forth; the effect of different treat- 
ents or test conditions on the observed strength of rope; 
€ quality and uniformity of steel strand from various 
ppliers; the relative effect of different wood preservatives, 
e retardant paints and chemicals, and so forth. There 
€ innumerable examples of this type of application 
here the basic question is “How significant is this observed 
ifference or is it due solely to chance selection of the 
mples?”” Other problems involve the validity of the 
lationship of one characteristic to another: “‘How good is 
nondestructive test as an indicator of some property 
hich can only be measured directly by a destructive 
sst?”” Once again statistical procedures are employed 
9 yield an answer that reads, say, ““X hardness is equivalent 
9 a strength between Y, and Y,” with a known probability 
f being right. 

Other problems are more complex—they may involve a 
umber of factors which contribute in unknown proportions 
) some end result which is desirable or undesirable. Is it 
ossible with a minimum of experimental work to resolve 
nese factors and show their effects in their true light? 
\gain statistical methods may be called on to design an 
xperimental program and analyze the data to this end. 
\s is to be expected, these methods are somewhat more 
omplex than those used for control, but basically they rely 
n the yardstick principle. 

In textbooks this yardstick is referred to as the “effect of 
hance.” Suppose a material produced under the opti- 
um conditions is sampled for uniformity. Even in this 
roduct there will be variation if the measuring technique 
sufficiently refined. This is variation due to chance alone 
nd may be estimated by analysis of the sample data. 
uppose a definite cause of variation is introduced and 
gain the product is sampled and another estimate of the 
ariability is computed. This estimate is larger than the 
rst and the ratio of the two estimates, properly weighted 
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to take account of sample size, serves as an indicator of the 
extra variation introduced. If an experiment is carried 
out at different levels of the unknown factor, for example, 
testing lamp life under different conditions of voltage, it is 
possible to evaluate the added effect of changing this factor 
by comparison with performance when the effect is not 
operating. This is the principle employed in designing 
an experiment. However, instead of introducing one 
source of variation at a time and determining its effect 
alone, it is possible and more economical to introduce all 
suspected causes at once in a pattern which makes it 
possible to unscramble the whole into its component parts 
and at the same time evaluate the interaction effects of 
different variables in combination—such as temperature 
and pressure in a chemistry experiment. 

This procedure is widely applicable in engineering 
work—on a plant scale as well as in the laboratory. Here 
is an example which may appeal to the utility men. The 
control-of brush along the Commission’s right-of-way is an 
important economic problem and methods other than 
manual brushing have been sought for some time. In 
1949 an investigation of chemical herbicides for brush 
control was undertaken. There were many factors whose 
effects had to be determined and because of the time element 
it was essential that as many as possible be evaluated 
simultaneously. Accordingly, a series of field trials was 
initiated to demonstrate the effectiveness of the different 
herbicides available, the effect of size of plant, the sus- 
ceptibility of different species, and the effect of time-of- 
spraying on the over-all efficiency. The amount of data 
resulting from this program was quite formidable but the 
information gained has repaid the time spent on planning 
and analyzing. Within a period of two years sufficient 
confidence was established in chemical brush control to 
justify larger expenditures on equipment for full-scale 
trials. Other investigations on a fairly large scale have 
included studies of methods for sampling and testing 
insulating oil, inter-laboratory programs on cement testing 
and concrete testing, and a long-term experiment to evalu- 
ate the effect of various compounds as joint filler material. 

There are other fields in which statistical methods may 
be employed by a power company. The broad field of 
surveys by sampling methods has great possibilities. Such 
methods are expected to answer questions in meter and 
fuse problems, utilization of off-peak power, and perhaps 
even rate structure. The information so gained may yield 
economical yardsticks for load forecasting and system 
planning—both vitally important to the utilities. 

The statistical methods for collection and analysis of 
data as used by the Commission’s Operation and Con- 
sumer Service Divisions would be another story. This 
article has been an attempt to point out only that engineer- 
ing applications for statistical methods have been found in 
at least one phase of this utility’s over-all activities, and that 
they are a worth-while part of control, testing, and research. 
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Blocking-Tube Oscillator Design for 
Television Receivers 


A. F. GIORDANO 


HE BLOCKING- 

a tube oscillator as used 
in the television re- 
ceiver is analogous to a syn- 
chronized low-impedance 
switch which is made to open 
and close periodically in a 
saw-generating Circuit in or- 
der to produce the voltage 
waveform necessary to drive the output deflection amplifier. 
Illustrated in Figure 1 is a basic grid-cathode coupled 
blocking oscillator circuit with typical parameters for a 
60-cycle repetition rate and approximately 200-micro- 
second pulse width. Figure 2 illustrates the voltage and 
current waveforms. The polarity of the transformer is 
such that an increasing current in the primary induces a 
positive voltage at the grid side of the secondary. For 
simplicity, assume that capacitor C, has an initial charge 
such that the grid is below cutoff for the value of F,,, and 
is discharging toward ground potential at a rate determined 
by the time constant &,C;. Since the plate current is 
zero, the cathode is also at ground potential; therefore, 
the actual grid-to-cathode voltage, V,, is approaching zero 
asymptotically. When V, becomes slightly less than 
cutoff, plate current flows into the primary winding and 
induces a positive voltage at the grid side of the secondary. 
At first there is no grid current flowing through C; to change 
its charge, so this secondary voltage appears on the grid. 
With a step-up into the secondary, the grid potential is 
increasing faster than the cathode, and the grid-to-cathode 
voltage, V,, becomes less negative. The grid-plate trans- 
conductance, G,,, at this time is high and the primary 
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Figure 1, Circuit of the basic grid-cathode coupled blocking 
oscillator. Constants shown are for 60-cycle repetition rate and 
200-microsecond pulse width 
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Presented from the viewpoint of the circuit 

designer, this article discusses the factors which 

enter into the development of an operating cir- 

cuit with the desired performance. 

is on the vertical deflection blocking oscillator, 

but the principles also apply to the horizontal 
oscillator. 
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current increases and caus 
a further increase in VJ, 
Because of the amplification 
of the triode the feedback 
gain is much greater ‘than 
and regeneration exists. 
plate current and grid. volt 
age rise very rapidly, at 
rate limited only by the leak- 
age inductance of the transformer. When V, passes throug ' 
zero and becomes positive, current flows to the grid a: 
the transformer becomes heavily loaded. Because of t 
large value of C,, the drop across it is small during 
rapid rise of the grid voltage. The increase of plate cut 
rent through the plate load resistance, Re, decreases the 
plate-to-cathode voltage, V,, and consequently the G,, of 
the triode drops. At the peak of the pulse the plate volt 
age almost equals the grid voltage so that the amplifica- 
tion is close to zero and power fed back cannot supply the 
losses. 

Therefore, the energy stored as charge in the distribute 
capacitance of the transformer and the magnetic fiel 
associated with the leakage inductance and magnetizin 
inductance cannot increase any further, and it starts t 
decrease. The induced voltage on the secondary therefore 
reverses. Because of the heavy grid loading the curre 
decrease slowly. As the difference in voltage betwe 
plate and cathode increases, G,, increases and delays th 
decrease in currents. The loss of grid voltage because ¢ 
the charging of C, contributes in decreasing V,. 

Not until V, falls slightly below zero, so that grid curren 
ceases, does the grid go sharply negative. The grid loadin 
has been removed and the accelerated return of the store 
energy from the fields of the unloaded transformer cau 
an oscillatory negative backswing dampened only by 
transformer losses. The large negative charge on C; ai 
to this oscillatory backswing, the two effects swinging tl 
grid sharply beyond cutoff. After the transformer oscille 
tion has ceased, the grid capacitor discharges relativel 
gradually through the grid leak, R,, until cutoff is reache 
when the cycle repeats, resulting in a ‘free-running 
blocking oscillator. Because of the nature of the gf 
pulse, this type of blocking oscillator is usually referred 
as operating in the exponential mode. 

This may be an opportune time to point out a cha rai 
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ristic of the blocking-tube oscillator which will be dis- 
ssed in more detail later in connection with synchroniza- 
on and interlace. A positive pulse applied to the grid 
efore the “‘free-running”’ start of the oscillator pulse so as 
» carry the grid above cutoff earlier will initiate regenera- 
on prematurely. This principle is utilized to achieve 
ynchronization. Less well known is the fact that the 
rid pulse may be terminated prematurely by a negative 
ulse on the grid or a negative pulse on the plate occurring 
ear the end of the oscillator pulse and of sufficient magni- 
ade to drive the grid to zero. The significance of this 
roperty of the blocking-tube oscillator. will be evident 
iter in discussing interlace. 


QUANTITATIVE ANALYSIS OF THE CYCLE 


MHE BLOCKING-TUBE OSCILLATOR cycle may be divided 
Z£ into two major parts. The first part is the period 
uring which the grid is below cutoff and the grid capacitor 
, is freely discharging exponentially through R;. This 
ortion of the cycle is readily analyzed quantitatively. 
the repetition rate of the pulse is controlled by R,Ci, 
le maximum initial charge EF, on Cj and the cutoff voltage, 
o- Lhe period may be expressed approximately as being 
qual to 2.3R,C, log (E,/E,,), neglecting the pulse time. 
The second major portion of the cycle, the duration of 
1€ positive grid pulse, is much more complex. Because 
f the nonlinearity of the tube parameters and transformer 
ductance, it is difficult to analyze the blocking oscillator 
lathematically during this period. To the author’s 
nowledge, a rigorous solution has not yet been given, but 
1e effect of the various circuit parameters on the pulse 
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p= plate resistance 


Ly, Lye =leakage inductance 
Cy, «Cqo:C,,=distributed capacitance 


Figure 3. Equivalent circuit from start of oscillator pulse at E.. 


to equilibrium at the peak of the grid voltage 
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Figure 4. Equivalent circuit during the top of the oscillator pulse 
to zero grid voltage 


shape can be indicated by approximately equivalent 
circuits. 

It is best to analyze what occurs during the pulse by 
breaking it up into four phases: (1) from initiation of re- 
generative action at cutoff to zero bias; (2) beginning of 
grid current to point of equilibrium at maximum plate 
current and grid voltage; (3) from equilibrium to zero 
grid voltage; and (4) from zero grid voltage to end of 
transformer backswing. 

The equivalent circuits are shown in Figures 3 and 4. 
In Figure 3 from ¢=0 to time 4 (instant of grid conduction), 
the grid to cathode resistance, r,, is effectively disconnected. 
During this period of rapidly increasing voltages, the 
primary and secondary inductances represent high im- 
pedances and most of the current flows into distributed 
capacitance and the leakage inductance. Because of the 
step-up into the grid, the effective grid voltage, V,, is equal 
to the secondary voltage minus the primary voltage. 
Thus, it is necessary to have a turns ratio greater than 1 
to drive the grid above the cathode. The flow of plate 
current through the plate resistance, r,, and Ro, results in 
a rapid decrease in plate voltage and in G,. At h, r, is 
connected in the circuit, loading the transformer. At 
equilibrium, the peak of the grid pulse, the grid and plate 
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i Figure 5. Modes of 

operation of block- 

ing oscillator during 
the pulse interval 


EXPONENTIAL 


EXPONENT IAL-SINE 


LEAKAGE-INDUCT ANGE 
CONTROLLED 


voltages approach each other and the tube is momentarily 
behaving like a diode with zero amplification. It can be 
seen that with a smaller value of R, the plate voltage will 
decrease less and equilibrium will occur later. Then the 
grid voltage will rise higher before the diode condition is 
reached. Because of the delay in attaining equilibrium, 
the charge on C; and the magnetizing current become 
appreciable and subtract from V,, as the top portion of the 
pulse is reached. The leading edge will resemble the start 
of a sine wave, but the peak is clipped at equilibrium. This 
is referred to as the exponential sine mode shown in Figure 5. 

If R, is reduced to zero, and C; and magnetizing induct- 
ance are small, the grid voltage will decrease rapidly 
after the peak and the grid waveform will resemble that 
of a half-cycle sine wave. This is referred to as the sine 
mode shown in Figure 5. 

Also illustrated is the leakage inductance mode where 
the pulse is determined primarily by the leakage inductance 
and goes negative after the first half-cycle of oscillation. 

In the equivalent circuit after equilibrium, the currents 
and voltages are changing slowly and the circuit may be 
represented by Figure 4. The grid current is flowing in the 
primary winding in the same direction as the plate current 


and they are decreasing. © The voltages of induction hi 
reversed their polarities after equilibrium. The tur 
ratio, primary inductance, and C; influence the decay 
V,.. The pulse width increases with LZ, turns ratio, ¢ 
Cy, The plate load resistance essentially introduc 
degeneration and increases the pulse width. 

After termination of the pulse, the negative undershe 
is the oscillatory discharge of the magnetizing field ai 
the distributed capacity, and its magnitude is influenced k 
the Q of the transformer. The voltage across the g 
capacitor C; is equal to 1/C,f7,dt taken over the pu 
interval. 

Illustrated in Figure 6 are various connections of 1 
blocking oscillator. In the plate-grid coupled cire 
the degenerative effect of the cathode winding dead 
exist. The polarity of the transformer is such that z 
increase in primary current induces a positive grid volta 
For a high plate pulse amplitude, a step-down of primé 
to secondary voltage may be desirable, whereas in the 
cathode-grid coupled circuit previously discussed, the 
must always be a step-up due to the degenerative effect 
the cathode winding. Also shown is the plate to cathe 
and plate-grid-cathode coupled oscillators. The circui 
selected depends upon the type of performance desire 
Some of the merits of these alternate forms will 
mentioned later. 

In the television receiver employing magnetic deflectic 
the vertical amplifier must be driven with a negatiyv 
peaked sawtooth waveform. Figure 7 shows a conven 
tional modified blocking oscillator which acts as a le 
impedance switch across R,C;, During the part of th 
cycle when the blocking oscillator tube is cut off, C; charg 
through R; towards the supply voltage. When the oscill 
tor conducts during the pulse, C, is discharged. 
tially, the circuit differs from the previously discussed bas 
oscillator in that the voltage E,, now has a sawtooth cor 
ponent superimposed on it which is equal to the 
voltage across Cz. The effect of the capacitor C, on tl 
pulse width is roughly proportional to the percentage 
saw on £,,. Increasing saw decreases the pulse width. 

Figure 8 illustrates the manner in which the o 
waveform is generated. To simplify matters, R, represen 
the effective blocking oscillator resistance during condi 
tion. Time constant R;C, should be large compared 
the scanning period ¢, to obtain a linearily increasing s: 
voltage. The amplitude of the output saw voltage 
controlled by the variable resistor R;. The negati 
going pulse in the output is generated in R, by the pla 
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Figure 6. Some alternate blocking oscillator connections 
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rent during conduction, and is necessary to produce a 
tooth of current in the yoke which has some inductance. 


SYNCHRONIZED OPERATION 


]P TO THIs point the blocking-tube oscillator has been 
discussed primarily as a free-running device, and little 
inction, if any, has been necessary between the vertical 
horizontal oscillators. In actual use in a television 
eiver, the oscillators are synchronized, of course, and 
re are certain practical problems encountered which 
1 be treated most conveniently by separating the dis- 
ion of the vertical and horizontal cases. 

he vertical synchronization is achieved in many tele- 
ion sets by operation of the oscillator at a free-running 
uency somewhat below the sync repetition: rate, and 
ting the sync pulse on the grid of the oscillator so as 
control the ‘“‘firing” time. The practical problems 
ountered in connection with the vertical blocking-tube 
illator have to do with: 


Loss of synchronization due to excessive drift of 
e-running frequency. 
2. Interlace. 
3. Noise immunity. 


The average repetition period of the free-running oscilla- 
- is approximately equal to 2.3R,C; log E,/E,, where 
is the voltage developed across C; due to the charge 
cumulated during the pulse, and the £,, is the value of 
id cutoff at the end of the period which is a function 
the plate voltage. Resistor R, and capacitor C; are 
pject to drift with temperature. Z, is proportional to 
pulse width and grid current, and is expressed by 
C,fi,dt during the pulse interval. 

Drift of C; in value effects E, in a direction which par- 
Illy compensates for the change in C, in the equation for 
2 repetition period; that is, an increase in Cj results ina 
crease of FE, during the pulse. 

In television receiver applications, the blocking oscillator 
quency variation over long periods results from changes in 
ate voltage, temperature drift, and aging of components. 
suitable choice of components and voltage sources 
ese causes of drift are minimized. Reliability of syn- 
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gure 7. Typical blocking oscillator in the vertical scanning circuit of a television receiver 
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chronization also is enhanced 
by minimizing drift. 

Figure 9 demonstrates the 
manner in which the vertical 
sync pulse is integrated from 

be the stripped composite sync 


the integrator must be short 
enough to allow the charge 
from the horizontal and 
equalizing pulses to decay to 
zero before the first vertical 
serrated pulse occurs in or- 
der that the timing of 1/2H 
between the integrated verti- 
cal sync pulses be preserved. 
The dotted line illustrates the 
effect of excessive integration 
in changing the timing. After field A has been painted 
on the receiver cathode-ray tube, the beginning of field B 
occurs one-half line sooner and is painted between the lines 
of field A resulting in equally spaced lines and interlaced, 
provided the timing is not destroyed somewhere in the 
system. Since the achievement of interlace is dependent 
upon uniformity of repetition of the vertical scan, and since 
this required uniform repetition involves-a variation in 
starting time of half a line relative to, the horizontal starting 
time for consecutive fields, it follows that interlace will be 
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Figure 8. Analysis 
of the sawtooth 
waveform generated 
across C, 
ey = Eye */ (Rat Re) C2 
4 =2.3(R.+R,) 
C2 log E;/Es 
= Ey— (Ex— FE) 
e—t/BaCs 
f= 2.3(R3C2) log 
(Ey — Ex) /(Eo— Ei) 


destroyed if the horizontal pulses in some manner gain 
control over the precise vertical deflection starting time. 
This variation in the timing of the vertical blocking-tube 
oscillator required to impair interlace is so small that the 
presence of very small amounts of horizontal frequency 
component will produce the undesired timing variation. 
The integrated vertical sync pulse appears across the 
last integrator capacitor which is in series with the blocking 
oscillator grid circuit. During the period before the flow 
of grid current, the grid winding and its shunt capacitance 


1053 


signal. The time constant of 


smooth out the notches in the sync pulse caused by the 
serrations in the composite vertical sync signal. At the 
time grid current begins to flow, the grid-to-cathode re- 
sistance of the triode, which is in series with the transformer 
inductance, discharges the integrator network while the 
remaining serrated vertical pulses are attempting to charge 
it. After the last serrated pulse the integrator is rapidly 
discharged except for the small energy supplied by the 
remaining equalizing pulses. The trailing edges of the 
integrated vertical pulses are timed properly and they 
will not interfere with. the natural termination of the 
blocking oscillator grid pulse if its length is not greater 
than 3H. Since the oscillator may be fired at any point 
on the leading edge of the vertical pulse and if the oscillator 
pulse is greater than 3H, its termination may occur in the 
region after the vertical pulse. Here it is conceivable 
that the unavoidable integration of the horizontal pulses 
may influence the termination of the grid pulse and impair 
the timing for good interlacing. 

In practice, however, it has been found that the most 
serious source of imperfect interlacing of fields usually is 
the stray pickup on the grid or plate of the oscillator of 
voltages generated in the horizontal sweep circuit. 

_ The gradual manner in which the grid pulse approaches 
zero voltage after firing renders it vulnerable to pre- 
mature termination by small horizontal pulses of pickup, 
and impairs interlace even though the oscillator may have 


Field A Composite 


Field B Composite 
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2 H=63.5us 


a 


and the positive oscillator grid pulse should be termin 
sharply. Usually all of these things cannot be done wi 
introducing other undesirable effects so a -conside 
amount of cut-and-try experimentation is necessar 
achieve good interlacing without sacrificing other requ 
ments of the circuit. 


OSCILLATOR NOISE IMMUNITY 


ee TO THIs point little has been said about the effect 
the frequency stability of the blocking oscillator 
noise detected along with the synchronization sig al 
the television receiver. It is the usual practice to | 
the detected composite sync through amplitude li ni 
which clip the top and bottom of the signal, and it is 
stripped sync, along with any remaining noise, that is 
into the vertical pulse integrating network. The “ef 
the noise present between the sync pulses and in 
serrations of the vertical syne will be integrated as we 
the sync pulses. It is believed that the majority of 
noise encountered in the field is of such a nature tha 
some Cases its energy content may be sufficient to intes 
to magnitudes comparable to, but only in a few ¢ 
exceed, the magnitude of the integrated vertical s 
pulse. In addition, the noise appearing in the vert 
serrations will be integrated and ride on the resul 
integrated vertical sync pulse. 

It will be shown that the noise immunity of the block 


Figure 9. Clipped c 
posite sync and re 
ant integration of v 

cal serrated pulse 


Excessive integration 5 3H 


been fired properly. Anything done to steepen the decay 
of the positive grid pulse as previously discussed will reduce 
the error of termination. , 

In summary, ‘therefore, for best interlacing, the syn- 
chronizing pulse should be free from spurious horizontal 
component voltages, the integrator should give uniform 
pulses, the vertical oscillator circuit should contain a minj- 
mum amount of horizontal sweep voltage pickup, the 
blocking oscillator pulse time should be smaller than 3H 
in order that the trailing edge of the vertical sync pulse 
will not coincide with the termination of the grid pulse, 
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oscillator is limited primarily by the free-running freque 
stability and only slightly improved by increasing the al 
between the grid voltage discharge curve and the 
base line. In Figure 10, are shown the grid voltage 
charge waveforms for the simple exponential and the 
known sine-wave stabilized oscillators. It will be assur 
that both oscillators have identical frequency drift cl a 
teristics. AT is indicative of the minimum range in | e] 
tion period necessary to prevent the oscillators from d ‘if 
out of synchronization. It is seen that a larger synch ro 
ing pulse is necessary to provide the same AT in the 
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illator. If the repetition periods are varied over their 


old” ranges, the dotted lines connecting the sync peaks 
yw how they are superimposed on the discharge curve. 
is valid to assume that the sync signal fed into the sine 
illator has the same sync pulse to integrated noise ratio 
the exponential oscillator. Then, if the oscillators are 
ichronized at the extreme right end of the hold range, 
, the shaded areas indicate the magnitude of the noise 
sessary to extend into the grid base line and fire the 
illators. The small area at the extreme left indicates 
> possibility of integrated noise exceeding the sync pulse 
ignitude but usually will not be greater than the amount 
the vertical pulse energy lost during the serrations. The 
io of the shaded area to the total area traced by the 
Jing peaks of the sync pulses is a comparison of noise 
munity. ‘The ratio is slightly higher in the sine oscillator 
t not enough to warrant the small gain since the sine 
illator for a large AT is very easily thrown out of sync 
it is synchronized close to its free-running frequency 
oscillation. 

he optimum condition for noise immunity occurs when 
sync pulse is firing near its peak where the integrated 
ise must be greater than the sync pulse. On the other 
d, noise occurring in the serrations and siding on the 
ding edge of the vertical pulse may cause objectionable 
ping or vertical roll in the received image. 

t follows that if the free-running frequency stability is 
proved then the hold range may be minimized with a 
sequent reduction in the vulnerability of the oscillator 
off-frequency noise firing. 

n some instances, the hold range is decreased by de- 
asing the sync pulse amplitude and then putting the 
d control on the receiver front panel. The user then 
nually has to compensate for drift in the oscillator 
quency, but, on the other hand, can set the control for 
optimum noise immunity. 

n regard to noise immunity, the grid-plate coupled 
king oscillator in Figure 6 has the disadvantage in that 
oming noise during the period of cutoff is coupled into 
output circuit by the interwinding capacitance and is 
ded to the output saw voltage. This results in vertical 
ter of the received image during the scanning time. 
On the other hand the grid-cathode coupled oscillator 
id circuit is isolated from the output during cutoff and 
ows superior performance in the presence of noise during 
scanning interval. 

No data have been taken on the plate-cathode coupled 
cuit in this respect but it is believed that it is comparable 
the grid-cathode coupled oscillator since the grid is also 
lated from the output. 


THE HORIZONTAL BLOCKING OSCILLATOR 


- OBTAIN synchronization of the horizontal blocking 
_ oscillator, the synchronizing pulses usually are fed 
(0 a circuit which develops a d-c control voltage which 
a function of the frequency of the sync. The time 
nstant of this circuit is made sufficiently long so that it 
ll not react to short bursts of off-frequency noise. This 
¢ control voltage then is applied to the grid of the blocking 
sillator to control its frequency. 
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The practical problems encountered in maintaining 
horizontal synchronization are: 


1. Loss of synchronization due to drift. of free-running 
frequency, which may be dealt with in the same manner 


Exponential 


Figure 10. Com- 
parison of noise 
immunity of expo- 
nential and  sine-. 
stabilized blocking 


oscillators goatee 
a: 


cukatf----" si 


Sine- stabilized 


as in the vertical oscillator by suitable selection of com- 
ponents for minimum drift. 

2. Noise immunity. 

3. Weave and bends in picture due to consecutive 
cycle instability. 


Since the horizontal blocking oscillator frequency is con- 
trolled by a d-c voltage developed by the synchronization 
pulses in a preceding circuit, the noise immunity is mainly 
a function of the ability of this circuit to discriminate against 
off-frequency noise. 

In the simple horizontal. blocking oscillator the grid 
voltage during cutoff approaches cutoff very gradually 
and in an exponential manner. This renders the oscillator 
vulnerable to small errors in firing time from one cycle to 
the next and must be compensated. 

A sync pulse would ordinarily increase the rate at which 
the grid approaches cutoff and fire the oscillator more 
reliably. 

In absence of a sync pulse in the horizontal blocking 
oscillator, the approach of the grid voltage to cutoff may 
be accelerated by the widely used method of sine-wave 
stabilization, shown in Figure 10. Here an inductance- 
capacitance circuit discharges in an oscillatory manner 
after termination of the grid pulse. The ring frequency 
and Q of the tank are adjusted to make the end of the first 
cycle steepen the usual exponential grid voltage. The 
ring also is applied to the plate in phase with the grid ring 
so as to make the cutoff voltage oscillatory and approach 
the grid voltage very steeply, producing a large angle, a. 
The grid voltage under these conditions is approaching 
cutoff at a high rate, somewhat comparable to the leading 
edge of a sync pulse, and improves the stability of the 
oscillator with regard to consecutive cycles errors. 
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Handling Logs by Electric Motocylinders 


HtA) ROSE 
MEMBER AIEE 


R YEARS sawmills have used various forms of 
specialized machinery to produce reciprocating and 
oscillating motions for log and timber-handling operations. 
Until recently this machinery was powered by steam (air) 
cylinder and piston, simple devices well suited to the 
applications, being fast, powerful, of low cost, and of rugged 
construction, an essential service requirement. Sawmill 
waste was used to generate the mill’s total steam and power 
requirements. 

During recent years the economic pattern has been 
changing steadily. Waste wood is going into pulp or 
other higher-valued products. Hogged fuel is becoming 
scarce. Steam, once available in unlimited quantity, 
has become a scarce or valuable product. Steam plants 
have become costly and expensive to operate, except for 
large mills which use dry kilns, planing mills, or by-product 
plants in conjunction. 

The disadvantages of cylinder-type mechanisms, once of 
little consequence, today are of considerable economic 
importance. 

These disadvantages are: 


1. Wastefulness of steam (air) when total losses incident 
to its generation and utilization are included. 

2. High maintenance of the plant system, including 
problems of cylinder lubrication. 

3. High investment cost of the steam plant. This is 
of prime importance for small mills if purchased power 
can be had at attractive rates. 


This article introduces the motocylinder, a powerful 
completely electric motor-driven thruster device for use in 


Three- 
true 


Figure 1. 

horsepower 
motocylinder. Note 
compact construc- 
tion of unit, motor- 
mounted brake, 
limit switches and 
adjustable operat- 
ing cams, heavily 
constructed non- 
adjustable base. 
Upper half of gear 
case removable for 
inspection without 
disassembling unit 


The name is a contraction 


place of cylinder-type thrusters. 
of its mode of operation and the name of the device for 
which it substitutes. 


The motocylinder is essentially a heavily constructed 
gearmotor with a short, powerful, crank arm mounted on 
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the output shaft. See Figure 1. The crank is conne¢ 
to the driven mechanism by a connecting rod. Rotat 
of the geared crank arm develops the required force 4 
reciprocating motion. Fast-acting electric limit switel 
cause the motor to stop at definite stroke positions 


Figure 2. Automatic motocylinder-operated roll case unload 
transferring log to deck chains. Operation initiated by 
end of log breaking light of electric eye control 


determined by an electric motor-mounted brake. Ope 
tor’s control is from a conveniently located control stati 
with circuits arranged for any combination of start, ste 
inch, hold, reverse, and automatic operation as may 
required. See Figure 2. 

For applications requiring slow speeds and/or extren 
of lift or shock forces, the crank may be set apart from the 
unit and driven by heavy-duty chain. Such drives a 
called offset motocylinders. 

Motocylinders are powered usually by 300 per 
high-starting torque induction motors with heavy-¢ 
American Gear Manufacturers Association class-III se rV 
gearing to match. Totally enclosed nonventilated mote 
and brakes prevent entrance of sawmill dirt and water 
the windings. 

Energy required for operation is practically nil. Pg 
demands are moderate. Motocylinders may be insta 
in practically any mill without change in capacity of 
existing power system. 

A considerable number of installations are in service 
Pacific Coast mills. It is expected that eastern mills 2 
other industries may find the motocylinder an econot 
solution to their material-handling problems. 


Digest of paper 51-302, “Handling b » 
ogs by Electric Motocylinders com 

by the AIEE Committee on General Ind dustry Applications and approved by the A 

Technical Program Committee for presentation at the AIEE Pacific General Mee 


Portland, Oreg., August 20-23, 1951. Scheduled for publication in AIEE Tra 
volume 70, 1951, 


H. A. Rose is with the Westinghouse Electric Corporation, Seattle, Wash. — 
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HE USE OF public ad- 
dress systems in generat- 
_ ing plants is a special ap- 
ation of these devices and 
not been particularly well 
ered in the technical lit- 
ture to date. It differs 
m other public address 
lications in several im- 
tant respects and it is the intent of this article to give the 
ic requirements leading to the design of a practical 
tem. ‘Trials in practical plants over the past 15 years 
vide a basis for selecting components most suitable. 
irst, it is necessary to consider what other devices for 
umunication may be at the disposal of plant operators. 


ased telephone lines. ‘These circuits handle all normal 
siness functions from the plant to the local central office 
1d to long-distance phones. 

ntercommunicating telephones. These take care of person- 
ierson conversations within the plant and may or may 
be tied through a private automatic exchange or 
vate branch exchange to external trunks. 

jode calling. ‘This is for paging key men throughout 
plant and is usually a part of the intercommunicating 
hone system. | 

Test telephone. This is a system of complete simplicity, 
ng generally no more than a pair of conductors running 
oughout the plant with arrangements for plugging in 
ndsets at any desired location. 


Transmission telephones. These provide communications 
substations for matters having to do with the flow of 
eoy.* | 

Carrier current telephores. ‘These are provided for the long- 
tance conversations to other plants and substations on 
> main transmission system and are used almost entirely 
system operating functions. 


Radio. Where provided, this is used primarily for 
patching line maintenance crews and sometimes serves 
directing switching at remote, unattended substations. 


THE NEED FOR PUBLIC ADDRESS SYSTEMS 


a ALL THESE facilities there is still need for some 
means of paging all plant personnel either indi- 
lually or in groups, a means of conveying orders to 
ups of people simultaneously, a means of communica- 
n from any one of these individuals to the entire group, 
d a means of notifying all personnel in cases of emer- 
acy. This is capably disposed of by a properly designed 
blic address system. 

Early attempts to apply this equipment involved in- 
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Public address, or loudspeaker, systems can 
perform many useful functions in a generating 
plant which are not as readily performed by 
other types of communication systems. 
are presented those factors of this particular 
application of public address systems which 
must be considered in designing the system. 
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Ss. GC. BARTLETT 
MEMBER AIEE 


stallations made by the manu- 
facturer who, it often de- 
veloped, was not fully cog- 
nizant of the problem, con- 
sidering the noise levels in- 
volved, temperatures, hu- 
midity, vibration, and so 
forth. The equipment was 
not properly adapted to the 
service and performance was poor. Such devices as crys- 
tal microphones with their inherent fragility would not 
today be considered for such an application. Similarly, 
microphones of low output level would not be considered 
except possibly by using a preamplifier at each micro- 
phone to reduce the susceptibility of the microphone 
circuit to pickup from the many power conductors. Ampli- 
fiers attained a maximum rating of about 50 watts. Where 
additional power was required it was obtained only by 
using more 50-watt amplifiers. Thus, if 250 watts output 
was required the tube complement of all amplifiers totaled 
something in the order of 50 to 60 tubes. 

Another early error was the attempt to cover entirely 
too much area, with the result that reverberations from the 
building destroyed intelligibility at any appreciable dis- 
tance from the loudspeakers. 

The problem, then, is to provide: a system capable of 
paging simultaneously throughout the entire plant; a 
system providing speech coverage in all operating areas; 
a means of reply or break-in from any operating position; 
and a simple means for adjusting audio power level for any 
background noise level from that of office areas to that of 
fan floors. 


Here 


BASIC CONSIDERATIONS 


| Capa oes oF noise levels and reverberation charac- 
teristics coupled with an understanding of the manner 
in which a plant is operated leads to the premise that it is 
unnecessary and, in fact, improper to attempt to cover all 
plant areas except possibly for paging. The essential 
requirement is met by selecting and locating speakers to 
cover only observation and control areas where personnel 
normally are stationed. The speakers then may be supple- 
mented by a means of conveying detailed information with- 
out error. High reliability must be achieved through 
selecting components designed to withstand extremes of 


Essential text of paper 51-359, ‘“Public Address Systems in Generating Plants,” recom- 
mended by the AIEE Committee on Special Communications Applications and ap- 
proved by the AIEE Technical Program Committee for presentation at the AIEE Fall 
General Meeting, Cleveland, Ohio, October 22-26, 1951. Scheduled for publication 
in AIEE Transactions, volume 70, 1951. 


§S. C. Bartlett is with the American Gas and Electric Service Corporation, New York, 
NS 


The author wishes to express appreciation to R. S, Tucker and J. L. Lindner of the Bell 
Telephone Laboratories for advice and assistance in making the measurements of noise 
levels, 


1057 


Table I. Noise Levels and Loudspeaker Power Requirements 


— 


Loudspeaker Power (Watts) 


Noise Level 


Location (Decibels) A B 
dem tWandbloor erate cit sielsiie ct 95120 lca ae 20": ssnamicingnretee 20 
SOF sd RaniBlOOr sr see oie ys piers tehe 95-120 20 
B. Coal'conveycr..ctcessdsusstneny 92> Mlenemaenns 20 
4. Coal pulverizers........-.--++++> 9610S cies tie aie 10 
By Scale MOORS at patios oo crete ofrinirisia ct UG Geer Fito cnt 10 
Gey Heater Hoot. 2 eee ils ee CES CH ie cere piica 20 
mee Burner deck tess 7. ae re cers torn: 93-101. eee HOP seine 10 
Sa Burneridechss 0 .,< ca. gdeyeis + euarasryn eis Q3=101 sai costone IG epee aie eee af 10 
9. Utiliscope (water level)........... Ge as niet ars 5 
10. Utiliscope (burners).........--.+. 95.35 sotto lta 5 f 
11. Evaporator floor............--.+- Pe ate igpinces NO) Pan cateepeteeis 10 
10 Control Teoma. cn eal ns ee wanes WO = OA acre hee 5. Min eiaeitereteis 5 
Te MBS layte tee dele) cel eae yan eric 93-107 20) i.e 20 
14. Turbine control panel............ 90-105.......... LO ipecctee ei seret= 10 
15. Steam driven exciter............. 400=103%. «a5 iswies 10 
16. Boiler control panel.............. OB LOS enol enels LOo etevahe, che Narste 10 
17. Boiler room basement..........-- LOO rer tien 20° site ais eee 20 
18. Boiler room basement...........- ea dancgte 20 shop nsate 20 
19. Turbine room basement.......... QO SO Taken eer oe 20! tance esos 20 
20%e Reed water Pump, vaiieeieieny viele « oh LOZAOS: Now clere ae PAW Sener TSOOz o 20 
Dime COMGeNskel, Plea. cojeieiee ie bese se rere G5—1OS; waciaie eka PANIES Oea cinta 20 
22.0 ‘Circulating pumps, 2104). 4-11 DLSLOD, Oe eine LO erry ide eps 10 
Peg Wether ais plate Babe a mdiie om ode rece oo. O81 OS. meineas s LO pretest eres 10 
Oa, ‘Condensate panelan, oj..-..cs eer TOR Pa atone 10 
Zo Ww ELOLWEN PUM DSc is cigpstaks: # oun) <ig om Sh anny © Oke ee 10 
26 WWlachine SUOPan seis. oletate Pile ciel etainiee OS Ossi ienentaseemals TOM Renee fists 10 
Dien Blevaton-c cabs os sets acide aa a ae OL Gr hig pre cnet pf Oy, (Saad nvted 3 
28. Superintendent’s office........... OY A Dicneterouane os Neat (DAG tian. eee b 0.5 
29. Watch engineer’s office........... A= Bl apes ler OS aiigh ees 0.5 
Bl. Blectrician's OUiCe.> cists) sear eek (O8ST-. cb ae tee 0.5 
31. Storeroom......... elaine 5 
32.9 Amplifier rooms ajc stove) otepsieu eet OMS Baa Meartataane 0.5 
ue DACCHIIC Dallenyarc ia vuaiareleisie ci-teir iste 5 
34. Chemistry laboratory....... ..... SRS By 7 coe eae 1 
35.1" Results. department..ss.ccc. si¢ = 0.+1s > PATA Sonera 1 
Bie Lobby sartrn mettle sae ees BZ. a.-ceha melas 5 
37. Hallway.. Hf ila daencty Cente 1 
SO rmOCTECM NOUSE. |< sipiz's asahi wie’ aj01d kk 0) = Br ak iesyid/a ale LO gets etre 10 
39, WUransformeryardst4 «.bac aie ee OLR Gi we. cae 10 
405 Outside; near plant... 3... .c-5-- (ec Ome ee igen hana 10 
41. Outdoor substation.............. Wl 82a he yt 10 
BZ Me Gate ROU esr carte ops eiioice ete Uae homer 1 
ROLAL POW ON N: cenia cies miata ae ect teri Gres mom eee 406 mes fae ere 242 
Wumber, of loudspeakers suri. tine alde Haetvsiel ae 2 ALY etki aovnaeented ae 
PANERA BeIDOWELn: orvmaisin sister amie ot uo seme ies pcauatatsha rhs <fe CE ee eee 11.0 


Column A—Complete coverage. Column B—Minimum requirements. 
* Handset but no loudspeaker provided. 


temperature, humidity, dirt, and mechanical abuse. 
Consideration must be given to the great lengths of micro- 
phone and speaker cable, and their selection and installa- 
tion as a matter of minimizing susceptibility to magnetic 
and electric fields. The method of operation at each 
control point must be as simple as possible. The circuits 
employed must be held to basic simplicity to avoid becom- 
ing future sources of trouble and so maintenance work 
may be done without the necessity of calling in people 
with special skills or equipment. 

If it is impractical to provide acoustic treatment of any 
areas other than offices or control room, it is necessary to 
adapt speakers to the plant as it stands. If, for instance, 
it were attempted to cover an entire turbine room floor 
from a single speaker, it would be found impossible re- 
gardless of the sound power employed because the large 
ceiling, wall, and floor areas cause reverberation sufficient 
to completely destroy intelligibility. If the entire area 
must be covered, many small units must be used. Actually 
a practical solution results from the use of a single speaker 
at the turbine control panel or at the control end of each 
unit to concentrate all sound energy in those areas where 
operators are normally on duty. Similar logic applies to 
the application on the fan floor or other places where large 
wall areas may reasonably be expected to give trouble. 
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Many observations were made in both old an d 
plants using a Western Electric Company Sound L 
Meter type 700-A. These readings are tabulated in Tz 
I, the values being in decibels above the threshold 
hearing, which is taken as zero level, or 10~' watt 
square centimeter. Noise levels indicated are gener 
between 80 and 120 decibels with a few exceptions as 
soundproofed offices and control rooms. 

Table I gives average noise levels based on observaty 
in practical plants. The final column indicating 
speaker watts for each location has been determined 
experience. This is not directly related to the noise 
since there is an additional factor of the area to be cove 
Note that the average for an entire plant is in the on 
of 10 watts per speaker and the total requirement for a sing 
unit plant is in the order of 250 watts. 

In the production plant itself and in outdoor areas, 
speakers should be of the horn type using either straig 
trumpets or re-entrant horns. For our purposes, | 
smallest horns manufactured are entirely suitable. Speci 
cally, a horn providing a 21/.-31/-foot air column wi 
a bell diameter of 12 inches will pass everything from 1 
to 5,000 cycles essentially without distortion. As 
intent is to cover only selected areas, these horns sho 
be chosen with not more than 40-degree spread at 1 
cycles. Drivers of the permanent magnet type attal 
a high degree of development for military applicatt 


and are available today in forms which are practica 
impervious to temperature, humidity, vibration, or dit 
as would be encountered in a generating plant. TI 
are available in various sizes from 5 to 25 watts. 
simplicity and interchangeability, it is recommended # 
just one type, say the 25-watt size, be provided. { 

In the control room a ceiling type 360-degree unit n 
be employed although a small 5-inch cone speaker mounte 
in one control panel is adequate. For office areas 


sloping panel type speaker mounted at the junction 


100 500 1000 


CYCLES PER SECOND 


Figure 1. Suitable response characteristics for the ampl 


wall and ceiling is satisfactory. In large offices wl 
only certain of the employees are directly concerned | 
operation of the physical plant, it is convenient to 
one or more small desk speakers in plastic housings. 
Having in mind the over-all response character 
indicated in Figure 1, it is apparent that any moc 
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icrophone will provide adequate fidelity. Crystal micro- 
ones should be avoided because of their fragility and the 
t that they are subject to damage from temperature and 
midity. Dynamic microphones would be quite suitable 
t in general involve more expense than. necessary. The 
I practical solution appears to be through the use of a 
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ure 2. Effect on syllable articulation of removing portions of 

speech frequency range.* All frequencies below those 

icated on curve A are transmitted, while all frequencies above 
__ those indicated on curve B are transmitted 


nventional carbon microphone, preferably in the form 
a telephone handset. These have been highly de- 
loped, specifically for transmission of speech intelligi- 
ity, and are most desirable in this application because 
their extreme ruggedness, low cost, and general avail- 
ility. There is one further advantage in that they 
ovide a high-level low-impedance source which reduces 
e susceptibility to pickup in the long microphone line 
ich may run to the order of 1,000 feet. Also, no pre- 
plifiers are required either at the individual microphones 
ahead of the main amplifying device. Since the system 
volves only a total amplification in the order of 60 
cibels, the matter of microphone hiss is not a problem. 
In levels of extremely high noise, intelligibility of sound 
ming from loudspeakers is limited to simple words, 
mes, or phrases. For anything more detailed, it is 
essary to listen to a telephone receiver and, where the 
om noises are particularly bad, to have the additional 
otection of a soundproof booth. The conventional 
onophone suggested above serves very well for this 
ditional function. 

Considering the necessity of controlling plate voltage 
id the need to cut off local loudspeakers, the simplest 
eans is through the use of microphone current for control. 
aus the microphone supply must not only be filtered 
lequately but should have high enough voltage to operate 
o relays in series with the microphone. Assuming that 
(0-ohm telephone relays and a conventional carbon 
icrophone are used, this requires a 48-volt supply which 
available in any of a number of forms; for instance, as 
power supply for use in small telephone exchanges or as 
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a part of a carrier current telephone set or a-radio trans- 
mitter. .This arrangement also has the advantage that no 
additional conductors are required for control. 


AMPLIFIER CHARACTERISTICS _ 


Re FIRST thought is normally for a means of designing 
or selecting high-fidelity equipment. However, in 
this application there is no intent to use the device for 
entertainment or reproduction of music. Not only is 
capability along these lines unnecessary but actually 
detrimental. In a power plant the background noise, 
although high, does tend to concentrate at either end of 
the audio spectrum. ‘Thus we have many rumble noises 
as from crushers, fans, and so forth, and hum from motors 
and transformers. At the upper end of the spectrum we 
have the characteristic screaming of turbine blades and 
feedwater pumps. — - 

Figure 2 indicates the effect on syllable articulation of 
removing portions of the speech frequency range.* Note 
that no substantial improvement results from extending 
this range either below 400 cycles or above 3,000 cycles 
and adequate intelligibility will be attained by concentrat- 
ing all audio energy within this range. 

Figure 3 indicates the relation between articulation and 
energy distribution of speech. About one-half of the total 
energy is confined to the frequencies below 500 cycles but 
these frequencies contribute only 5 per cent to the intelligi- 
bility. By eliminating most of these and concentrating 
everything in the 400- to 3,000-cycle range, a given size 
of amplifier and number of speakers will provide far better 
performance. 

What would be called a high-quality amplifier for voice 
might have an over-all fidelity characteristic as indicated 
by curve A of Figure 1, which is flat from 1,000 cycles to 
2,500 cycles and down 6 decibels at 200 cycles and 5,000 
cycles. Even this is far more linear than required and an 
amplifier with characteristics as indicated in curve B would 
be satisfactory. ‘This peaks at about 1,000 cycles and is 
down 6 decibels at 500 cycles and 2,500 cycles. Ina power 
plant there is much opportunity for magnetic pickup into 
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Figure 3. Relation between articulation and energy distribution 
of speech. Curve A shows relative importance for intelligibility, 
while curve B shows energy distribution 
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the microphone circuits of 60-, 120-, and 180-cycle fre- 
quencies and the amplifier response to these low frequencies 
must be held down. Thus, continuing curve B, the roll- 
off below 500 cycles and above 2,500 cycles could be 
designed for about 12 decibels per octave. This, and in 
fact the entire shape of the over-all characteristic, may be 
obtained by very simple resistance-capacitance networks. 


DESIGN OF AMPLIFIERS 


Nee AND practical arrangement for this type of work 
would be through the use of a single triode, say type 
6J5, or a pair in push-pull for the input stage followed by a 
pair of triodes, say type 643, in push-pull as a driver stage, 
these all being operated in class A, and followed by a 
final stage consisting of a pair of 805’s in push-pull operating 
as either class AB or class B. A pair of 866A tubes would 
suffice as plate supply for the final stage using a bleeder 
to feed input and driver stages. If desired, the input 
and driver stages could be supplied from a low-voltage 
rectifier which might include the microphone supply 
mentioned. Thus the entire amplifier, including rectifiers, 
totals only 7 or 8 tubes. 

Degenerative feedback for final stages using beam power 
tubes is conventional and can be introduced with little 
difficulty to reduce distortion, noise, and instability caused 
by voltage fluctuation and, at the same time, improve 
output regulation of the amplifier. 

Assuming class AB or B is used in the final stage, a power 
supply of good regulation is required. This is readily 
accomplished through the use of mercury rectifier tubes 
with choke input filter. Considering the comparatively low 
gain of the amplifier, there will be no trouble from rectifier 
tube noise if a conventional hash filter is employed. 

The transformers themselves must be designed with 
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Figure 4. Circuit for relay control box, handset, and hookswitch 


consideration for such factors as saturation of core material, 
symmetry of windings, avoidance of resonance, low loss, 
and adequate shielding against hum pickup from chokes 
and other transformers. Many well-designed transformers 
are available. 

The basis for choice of tetrodes or triodes may be argued. 
However, either one may be employed to produce an 
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amplifier of adequate fidelity. For audio work 
nature the triode was used since there is some r 
believe it is more capable of retaining its original 
teristics throughout its life and is somewhat less s 
failure from “hot shorts.” Considering the comp 
low total gain, separate cathodes are not required ex 
possibly in the first stage. Conventional receiving ” 


Figure 5. 

monophone 

mounted on 3 
control bo: 


tubes are available in many types for the input and dri 
stages and many transmitter tubes, such as types 2/7, é 
877, 838, and 845, are available for use in the final stage 

Since amplifying systems of this type are in use for ¢ 
a small percentage of the total time, it is advisable to 
connect the plate supply during the idle periods. T] 
a simple matter and will result in material extensiol 
tube life and, at the same time, will reduce temperat 
of all other components of the amplifiers, thus simil 
extending their lives. A thermal relay should be 
corporated in the plate supply as a matter of protecting 
rectifier tubes whenever the supply voltage may be in 
rupted and restored. a 

In a power plant there are many possible locations. 
a separate room is provided for the telephone switchboz 
carrier current equipment or other electronic devices 
would be ideal: Otherwise, there may be space in 
control room or one of the offices. If none of the 
practical, an amplifier designed along the lines indic 


here can be located almost anywhere as long as the amb 


and the equipment will not be subjected to excessive vi 
tion or direct spatter of ‘liquids. . 

The standard desk set cords and handset cords are 
available as shielded conductors or even with the mi 
phone lead shielded. It is therefore important to ret 
the level of the speaker line to handset level before bring 
it into proximity to the microphone lead. Thus 
speaker line in the control box goes immediately t 
relay and then through resistances to the flexible ¢ 
The value of these resistors may be changed to prot 
any desired receiver volume depending on the backgre 
noise level. Using resistors in pairs to maintain bal: 
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assuming a 122.5-volt speaker line (250-watt amplifier, 
hm line) and handset receivers of 60 ohms each, the 
wing receiver power levels will be produced: 


8 Total Watts Watts in Receiver 
Ls = 2 Tenis Sa iste 8 SE OOOe Sache Gets ee eee 0.0452 

Jo sp SOR een ese terme a? 8-0) PRC GAS EN pegteraey WAL Bas, © 0.0203 

) 2: gS Se eeee eee ePpeIe EF eT ei Sis ile ares oan eee 0.0100 

1): uf eS ee er IE IL Meat nae = oi Boe ir Bp Rene Re 0.00483 

oo. : SRE oer semen os IEE STEN ons Bens gn en ace 0.00224 

ll  —————— SE eee OF SAO re nee teeta enn hte ey Pa 0.000463 

Es hot ear WISE fen ter Oe a tee 0.000206 

IN Secor N Py an fs 5 ok 01 OO QE AGO Nene ven ey SA a cleSinccoste 0.000102 

C1” 9 sae Senne oS Ort NOE een, wre motored ok 0.0000485 


1, 5G C RARE oO 1S bic ONOT5 yay -keeiccsis's sieissanenisielaia Aelare 0.0000225 


hese matching transformers serve the purpose of match- 
the impedance of all speakers in parallel to whatever 
edance it is desired to operate the speaker line. Thus 
individual speakers are set for impedances considerably 
e that of the line itself. For instance, if we operated 
ne at 60 ohms, the following table would indicate 
edance to be used to obtain any desired speaker power. 


ser Power (watts) Transformer Impedance (ohms) 


NET oe tects SIs s,3! ol Ae PRANEE VS « d-0 5d Sun re Oe 600 
Arte ie fs tla.) < REE Wabec = Sth Sy ERA i aes oo Eo 750 
BD aates atte in sia nis eos, <P ebeie ete, mesa. obs, ceRtabs py Sie raves ei cforas 1,000 
OMe crocpriese Pius vid 4 cee Nats oats Syomts syaveredetarecsiahe 1,500 
2 ey ed cE. > ro orci ee ee ee, eee cas Ice 3,000 
Peet ces eS Yoig tn xa engage Sark mi Sinye ha Winters erst 6,000 
EM oo ky ise aa. SAAR MES LAE Yolo e: Hearty teva nese olehe 15,000 


CE ao share mio eipagan ° > aS 2 0) 0 hae CAG AAS orc 30,000 


simplicity it is suggested that all horn speakers be 
pped with 25-watt adjustable transformers to cover 
impedance range from 600 to 3,000 ohms. ‘Transform- 
for all other speakers could be 5 watts rating with input 
edances from 3,000 to 30,000 ohms. 
or example, in the installation suggested in Table I 
er condition B, there are seven 20-watt speakers, nine 
watt speakers, two 5-watt speakers, and four 1/2-watt 
ukers. Using transformer input impedances as in- 
ited, the total speaker power is calculated as follows: 


7 Units, each 750 ohms in parallel= 107 ohms 
9 Units, each 1,500 ohms in parallel= 167 ohms 
2 Units, each 3,000 ohms in parallel=1,500 ohms 
4 Units, each 30,000 ohms in parallel=7,500 ohms 


1 
=62 
1/107+1/167-+1/1,500+1/7,500 


(122.5)? 


il impedance = 


= 242 watts 


il power = 


or both microphone and speaker lines there are many 
stical choices. These should he restricted to the types 
erally found in plant stocks for which fittings are 
jediately available and with which the plant personnel 
thoroughly familiar. For instance, the speaker line 
id consist of either BX or number 12 weatherproof wire 
onduits. For the microphone line type BXL would be 
lent. The characteristic impedance of these lines 
ot a factor since for the highest frequency handled, say 
(0 cycles, we have a wavelength of approximately 62 
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miles compared with a length of the longest run of cable 
in the order of 1,000 feet. 

It is advisable, wherever possible, to keep microphone 
and speaker leads in separate conduits. The microphone 
circuit may be carried in the same conduits with other 
signaling circuits if desired. ” 

In addition to the loudspeaker and the desk set the 
control room should have jacks in the panels so that an 
operator may use a portable monophone while working at 
the panels, reading instruments, and making adjustments. 
A conventional double telephone jack located every 
alternate panel will be adequate. The operator uses a 
standard monophone with 4-wire cord and double plug. 
Plugging in the portable monophone accomplishes the 
same thing as picking up the desk set monophone in that 
the local speaker is cut off. 

To eliminate acoustic feedback it is necessary to provide 
a relay at each control point to cut off the local speaker 
when its associated monophone is off the hook. For con- 
venience, this is mounted in a 12 by 12 by 4-inch steel 
box (see Figure 4) with a 10-microfarad capacitor by-pass- 
ing the relay coil, a pair of fixed resistors to apply a low level 
signal to the handset receiver, and an adjustable speaker 
transformer. ‘The steel box is well adapted to welding 
or bolting to steel structures throughout the plant and is 
of ample size to accommodate BX, BXL, or conduit. For 
office areas, the same components in smaller size may all 
be built into a standard telephone ringer box. 


OVER-ALL PERFORMANCE 


A IT NORMALLY functions, the system is put into opera- 
tion by lifting any monophone which, in turn, applies 
plate voltage and the call is received by all speakers. 
Assuming that a certain person is called, when he picks 


Figure 6. Amplifier 


cabinet from the 
rear with covers 
removed. Inside 
are the master 


switch, 48-volt rec- 

tifier, monitor, con- 

trol panel, 250-watt 

amplifier, and termi- 
nal panels 


up the monophone at some other point, a high quality 
telephone channel is established with receivers at each end 
adjusted in amplitude depending upon local noise levels. 
It would then be a simple matter to cut off all loudspeakers. 
However, experience indicates that it is better to leave 
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Figure 7. Front 
“view of the unit in 
/Figure 6 
Figure 8. Ma- 
chine shop showing 
loudspeaker, _con- 
trol box, and 
soundproof booth 


for the handset 


them in cperation. Thus, all personnel are fully informed 
of any contemplated changes being discussed and may 
prepare to make such adjustments as necessary on the 
equipment under their control. 

In general, the sound power being concentrated in that 
part of the frequency range conveying maximum intelligi- 
bility, the over-all performance is very good. However, 
it must be recognized that in the extremely high noise 
level areas, the best that can be expected from loudspeakers 
is to make simple words or phrases understandable. ‘‘It is 
common experience that when any sound is impressed 
upon the ear, it reduces the ability of the ear to sense other 
sounds.’ Each tone tends to mask those near and above 
it in frequency. As would be expected, masking by com- 
plex sounds is the composite masking of each individual 
tone. In these areas the public address system serves for 
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Figure 9. G 
room operator 
a portable x 
phone. Aq 
speaker appez 
the upper 
corner of the - 


Figure 10. Cont 
room operator ust 


Figure 11. 

showing 

speaker and me 
phone 


paging only, after which the transmission of intellige 
accomplished by the local monophone with the prote 
of a soundproof booth. 

By adhering rigidly to practical considerations as 
tailed, a device may be produced using comme 
available components in circuits of basic simplicity, attailt 
ing high performance characteristics at low cost to pro} 
a service not possible by other communication 
either separately or in combination. 
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JOME BEFORE YOU as one whose professional career 
as profoundly influenced by Dugald C. Jackson, and 
I venture to represent all those whose lives have thus 
influenced, many of whom are here with me. It is 
that we should meet and remember as we do, not only 
use of our respect and affection for our old chief, but 
because many of the things for which he stood strongly 
still of great moment in the professional world and 
thy of continued emphasis. 


CAREER IN INDUSTRY 


UGALD C. JAcKsON graduated as a civil engineer from 
Pennsylvania State College in 1885, at the age of 
and when, two years later, he finished his graduate 
k at Cornell he entered an extraordinary world. ‘The 
ession of electrical engineering was just beginning. 
re were not many engineering pioneers in those days, 
who entered vigorously into the new field and recog- 
d its potentialities, but Jackson was decidedly one of 
, and he was a very significant figure indeed, even 
n he was young. The old profession of engineering 
been a rule-of-thumb affair. True, there were those 
had built bridges based on sound analysis, but the 
al run of engineer leaned upon his experience and 
very little indeed to do with mathematical treatment, 
‘ess with the current advances in science that were 
tring all about him. It was quite possible thus to 
ance in the older fields, for the day of their close inter- 
age with scientific progress had not arrived. The new 
ession of electrical engineering, however, was in a 
ly different category. One could by rule of thumb 
@n a mechanical machine that would work, but in 
r to make an electric machine that would perform in 
rdance with specifications, it was necessary to deal 
more subtle things, and to deal with them quantita- 
y and precisely. In those days began a growing 
relationship between engineers on the one hand, 
lying science for the benefit of mankind in an economic 
ner, and fundamental scientists on the other, delving 
the laws of nature with the sole object of advancing 
’*s knowledge of himself and his environment. 

here could have been no stronger advocate of the new 
» of professional engineering career than Dugald C. 
on. The combination of talents and attributes 
ch he possessed fitted the new opportunities and re- 
sibilities of engineers precisely, and he had the vigor 
determination to make himself felt. This had its 
y influence in industry when he helped to organize the 
tern Engineering Company in Nebraska and later 
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when he joined the staff of the Sprague Electric Railway 
Company. His most important influence was when he 
became Chief Engineer of the Central District of the 
Edison General Electric Company, thus participating in 
and molding the beginnings of a vast industrial enterprise. 


CAREER IN EDUCATION 


Be ITS EFFECT became most enduring when he _ turned 
to education, first for 16 years as Head of the Depart- 
ment of Electrical Engineering at the University of Wis- 
consin and then as Professor and Head of the Electrical 
Engineering Department at Massachusetts Institute of 
Technology (MIT). In these posts he molded. electrical 
education into the form which it has taken ever since. 
His well-known textbooks on electricity, magnetism, and 
a-c machines were an important part of this influence. 
But his insistence on rigor in thinking, his intolerance, 
often forcibly expressed, of anything approaching muddy 
processes of reasoning, and his continued insistence that 
direct professional study must be accompanied by a 
conscious effort to advance the art, rendered electrical 
engineering education, in fact by its influence rendered all 
engineering education, a far sounder structure than it 
would have been otherwise. He was always a most ardent 
defender of his own staff before the authorities of MIT 
and before the world generally, but working with the staff 
itself he insisted in no uncertain terms that they be worthy 
of that support, and his insistence centered about the 
principle that the professional career in engineering is 
worthy of any man’s best steel. Thus he had no patience 
with the dilettante, nor with the casual practitioner, and 
his rigorous insistence upon hard and sound work stiffened 
the backbone of many a neophyte. To serve under him 
was a stimulating experience, never one to be taken 
casually, nor always one that was entirely comfortable. 
But it was all tempered by one thing for which we all 
remember him most keenly. 

In all his relations with his staff and with students he was 
the most fair man under whom an individual could pos- 
sibly serve. No matter how humble the student, no matter 
what difficulties he might have brought upon himself, if 
there was the slightest indication that he had been treated 
unfairly, if there was the most elusive indication that he . 
had been the victim of ambiguity in tests or otherwise, 
D. C. Jackson was his champion and in action until the 
matter was straightened out and utter justice restored. 

There was something here of great import, for he had 
pride in his own professional accomplishment, pride in the 
professional accomplishments of his staff, a profound con- 
viction that the professional life was a dignified and worthy 
one, and that the engineer was capable of standing on his 
own feet, offering no apology to the world for the existence 
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of his profession. Moreover, his concept of a capable 
engineer was that of a man among men, meriting their 
respect, but capable of working effectively with all sorts 
of individuals of diverse backgrounds and attitudes on a 

- basis of mutual regard whenever that was possible or at- 
tainable. This comes very close indeed to the concept 
of the dignity of men for which we struggle in this complex 
world, and close indeed to that idea of individual freedom 
and individual initiative and accomplishment which we 
regard as the central feature of all that we hold worth 
while in human organization. 

His interest in the individual became exemplified in 
many ways. In the Department of Electrical Engineering 
at MIT he introduced an honors system for releasing 
exceptionally able students from rigorous schedules and 
the detailed following of texts in order to develop them 
individually along their own lines. He founded a system 
of co-operative education with industry, based not merely 
upon the opportunity to earn a bit of income while study- 
ing, although that was a feature, but upon the much more 
far-reaching belief that it is essential that there be close 
liaison between a teaching department in engineering and 
the industry which surrounds it, not only on the part of 
the faculty but also on the part of students of high caliber, 
that they may appreciate early the nature of the world 
which they are entering and prepare accordingly. He 
insisted upon an alliance between undergraduate teaching 
and research, with creative teachers struggling to advance 
their subjects, and students participating in independent 
investigations of their own. In all this his emphasis 
throughout was upon rigor, sound, logical thinking, ad- 
vanced techniques, and professional judgment enhanced 
by close and fruitful contact with current practice. 


CAREER AS CONSULTING ENGINEER 


IHE CONSULTING ENGINEER occupies an extraordinary 
position in our society, and in the early days of an art 
his opportunities and his responsibilities are emphasized. 
In his contacts with industry he is expected to perform 
functions which industry cannot perform for itself, and 
these often include aspects which can be adequately 
handled only by the keenest of engineers, built into a 
smoothly operating organization capable of tackling any 
problem with which industry in all its complexity may be 
confronted, from the appropriate and revealing manage- 
ment of costs and accounts on the one hand to the technical 
effectiveness of projected intricate systems on the other. 
It was inevitable that Dugald C. Jackson should become 
a consulting engineer, and he did so early and continued 
this relationship until he retired from active consulting 
practice in 1930. In 1919 he organized the firm of Jackson 
and Moreland, which is still one of the most important 
elements in the entire field of professional consulting 
engineering practice. To this work he brought the same 
habits of thought, the same insistence upon superb accom- 
plishment that permeated his entire career as an educator. 
As a result he was respected from coast to coast, not only 
for the soundness of his opinions and the reliability of his 
judgment, but also because he had surrounded himself 
with a team of keen minds capable of working smoothly 
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together toward difficult objectives. This group to ok 
leading part in many engineering projects such as t 
Conowingo hydroelectric installation, the electrificati 
of the Cascade Division of the Great Northern Railros 
and of the Suburban Division of the Delaware, La 
wanna and Western Railroad, appraisal of many publ 
utility properties, and consulting advice to the great publ 
utility companies of the country on many other phases ¢ 
their operations. ; 
It was inevitable that when the First World War can 
he should take an active part therein. He was a Lieutenant 
Colonel of Engineers in France, and Chief Engineer of th 
Technical Board. He installed plants of great size for 
support of operations, and after the Armistice he served” 
the War Damages Board. I will not attempt to recite z 
the many medals and honors that were presented to Dugal 
C. Jackson throughout his career, but for these partic 
services he was made a Chevalier of the Legion of Hono 
He was President of the American Institute of Electrica 
Engineers, and President of the American Academy ¢ 
Arts and Sciences. Forming as he did a significant bridg 
between science and engineering, it was highly fitting 
he should thus serve in these two great organizations. 
services to the American Institute of Electrical Engineer 
were by no means honorary or casual. His vital per 
ality, his dynamic defense of all he felt worthy, galvar 
that organization as it invigorated every organization 
which he entered. , 
Very few men have the opportunity to witness t 
changes in mode of life that were encompassed by th 
life and career of Dugald C. Jackson. As a boy he | 
in a world where modern techniques affected very 
the daily life of the individual, and as a man he saw th 
impact of all that now surrounds us in modern 
munication, transportation, and mass manufacture. 
over, he had the joy of participating in many of thes 
changes in their early and formative periods, and he le 
his imprint in many places. We who served under hi 
are different men because he existed. We have a broader 
outlook upon our missions in the world, keener enjoymet 
in creating, and more intense insistence upon sound 
of approach, because he guided us, firmly but nevertheles 
with a fatherly affection for those who came under f 
tutelage. We join today in revering his memory, for ¥ 
all carry a part of this character as an element in our o¥ 
Just one more word: We customarily in this wot 
recognize great attainments by the giants among us, a 
we pay them honor. Many such honors were paid 
Dugald C. Jackson by many societies and men. But ’ 
seldom recognize sufficiently that often the results which 
applaud were obtained not by an individual but by a te al 
Dugald C. Jackson could never have accomplished all tk 
he did if there had not always been by his side a loyal a 
courageous wife who sustained and supported him. § 
has our affection too, for it is due to her also that our lit 
were molded, and it was because of her that the accompli 
ments were achieved which rendered our professio D 
more worthy one. She is still with us and we hope ¥ 
be with us for many years to remind us of our debts and 
refresh our happy memories. | 
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Lightning Hazards in Japan 


MICHIO TANAKA 


HE PREVENTION 

of lightning hazards on 
power systems has al- 
vays been an important prob- 
em in Japan, as in the United 
states. A Lightning Hazards 
revention Subcommittee of 
he Japanese Society for the . 
Advancement of Science was Ne oed in October 1939 
o study this problem. Nearly a hundred meteorological 
cientists and electrical engineers took part in the work. 
An exhaustive field survey of thunderstorms and lightning 
as carried on in the Kanto District in the vicinity of 


Tokyo each summer until the end of World War II, when - 


he organization was dissolved. A book entitled “Study 
pf Lightning”’ was published in 1950 and gave a full record 
of the work of the Subcommittee and its results.} 

Because the need for the study of lightning and the pre- 
ention of its hazards still existed, two new organizations 

ere formed after the war. ‘These were called Power 
Systems Lightning Hazards Prevention Committee and 

o-operative Group Studying Relations Between Power 
mgineering and Meteorological Phenomena. Both of 
hese organizations are still active. 

The present article is mainly an abstract from the 
annual report for 1950 of the Kansai District Subcommittee 
of the Power Systems Lightning Hazards Prevention 

ommittee, but it will serve to illustrate the present status 
of the study of lightning hazards in Japan. 


ISOKERAUNIC LEVELS 


N 1948 THE Central Meteorological Observatory, Tokyo, 
issued maps (Figures 1 and 2) showing the frequency of 


Courtesy Ciimaueeaphie Atlas of Japan 


Map of central Japan showing frequency of thunder- 


Figure 1. 
a storms per year 
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Exhaustive studies of the occurrence of thunder- 

storms and the effects of lightning on power 

lines have been carried on by the Japanese 

Society for the Advancement of Science. 

article is a brief report to illustrate the present 
status of these studies. 
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thunderstorms and the num- 
ber of days with cumulo- 
nimbus clouds (isokeraunic 
levels).? 

These maps showed for 
the central part of the main 
island of Honshu a range in 
isokeraunic level from 5 to 50, 
being lower in the coastal regions and higher in the interior 
mountainous regions. In the vicinity of Tokyo the average 
level was about 10, while in the vicinity of Osaka the 
average was 15 to 20. 

In any assigned locality there were three different 
representations for the frequency of thunderstorms: 


This 


1. Number of thunderstorm days per year. 

2. Number of thunderstorms which started in the 
assigned unit area. 

3. Number of thunderstorms which originated in the 
area (item 2) plus the number which originated elsewhere 
but travelled through the assigned unit area. 


The Kinki District embraces 81 unit areas (9 in east- 
west and 9 in north-south directions) in the central part 


Courtesy Climatographic Atlas of Japan 


Map showing the number of days per year with 
cumulo-nimbus clouds 


Figure 2. 


of Honshu in the vicinity of Osaka, Kobe, Kyoto, and 
Toyooka. Each unit area is 23 kilometers east to west and 
28 kilometers north to south. 

The values of item 2 for the years 1948, 1949, and 1950 
for the Kinki District were determined by the Osaka 
Meteorological Observatory for each of the 81 unit areas. 
The number for the various unit areas varied widely from 


Michio Tanaka is with the Technical Laboratory, Kansai Haiden, K. K., Osaka, Japan, 
Acknowlegement is gratefully made to Dr. W. W. Lewis of Union College, Schenec- 
tady, N. Y., for rewriting the article to conform to American style and language. 
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0 to 37 in 1948, from 0 to 7 in 1949, and from 0 to 15 in 
1950. The totals for the entire district for the value of 
item 2 for three years were: 1948, 448; 1949, 1125 1950; 
190. 

The values of item 1 for the Kinki District in the years 
1948, 1949, and 1950 are not available but the author once 
investigated the values for a period previous to 1944 and 
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R+(OHMS) = 15 2.7 3.2 18 2.9 4.\ 14 
I,xR,x 10-9 (kv) = 20 605 283 0.6 4.5 
TOWER NO. 403 402 401 400 399 398 397 


Figure 3. Typical record showing lightning surge currents 
recorded by magnetic links attached to aerial ground wire of 
Tokai trunk line, operated at 154 kv 


found that they varied from 0 to 60 by localities, with a 
mean value of about 10. This would place the values for 
item 1 and item 2 roughly on the same level. 

As for item 3, the author compared the values obtained 
from the totals for another district, the Kanto District, 
for the year 1950, and found that item 3 was approximately 
4.5 times item 2; that is, for every thunderstorm originating 
in the assigned area 3.5 thunderstorms come into the area 
from outside. The isokeraunic level of the Kinki District 
resembles that of the southwestern regions of the United 
States. 


SEVERE STORMS IN 1950 


ee 24, 1950, was the worst thunderstorm day of the 
season. ‘The Osaka Meteorological Observatory re- 
ported that 10 thunderstorms started in the Kinki District 
that afternoon between 4:30 and 8:30. These storms 
caused the following damage and disturbances to 77-kv 
and 154-kv systems: 28 cases of trouble; 208 suspension 
insulators broken; 69 suspension insulators discolored; 
and 12 lines affected. 

The damage to subtransmission and distribution systems, 
as classified by localities, was: Osaka Prefecture, 57; 
Shiga Prefecture, 1; Kyoto Prefecture, 22; and Hyogo 
Prefecture, 11. 

Classified by equipment, the disturbances were: generat- 
ing stations and substations, 4; subtransmission lines, 8; 
and distribution lines, 79. 

The Osaka Meteorological Observatory reported that 
21 thunderstorms took place on July 13, but only 5 cases 
of trouble to power systems resulted. 

Magnetic links, 198 in all, were distributed along the 
77-kv and 154-kv transmission lines to measure lightning 
current flowing through ground wires. A typical record, 
obtained from these links on the 154-kv Tokai trunk line, 
on July 19, 1950, is shown in Figure 3. 
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High-speed Braun-tube oscillographs, klydonogr 
and magnetic links were installed to obtain recor¢ 
lightning surges on subtransmission and distribution 
at Matsugasaka Substation, Kyoto City, and in the vi 
of Urata Substation, Osaka Prefecture. In 1950 only 
few minor records were obtained, which will not be] 
cussed at this time. 

Damage to underground cable by lightning is sometime 
experienced, although such occasions are rare. An und 
ground telephone cable connects the foot of Mount Ib 
in Shiga Prefecture with the summit. A few years z 
this cable was severely damaged by lightning. 

Magnetic links were installed in handholes along ¢ 
cable. In the summer of 1950 the following values 
current were indicated by these links: in number 1 har 
hole, 4,300 amperes; in number 2 handhole, 4,100 ampere 
and in number 3 handhole, 4,300 amperes. 


DAMAGE TO 77-KV AND 154-KV LINES — 


oli FOLLOWING data have been presented by ¢ 
Nippon Hassoden K.K., which company owns al 
operates the 77-kv and 154-kv lines: Lightning trouble 
the 766 kilometers of 154-kv line, June 1 to September 32 
1950, 22 cases, or 2.9 cases per 100 kilometers. Of the 
22 cases, 11 occurred on the Itami line, which is 4 


Table I. Service Interruptions Due to Lightning on 154- ar 


77-Kv Systems 


Wear the. Sores ib eases seen enna YT oot 1949 Te 

Number of service interruptions........... Wes 5 amaie BU hae ce cic, 

Interrupted energy, kilowatt hours........ 1), 168; 3%O). sar 201, 103\eeereee 702,7 

Interrupted energy, kilowatt hours 4 
per interruption, scum. ee selene LOVS4O NI Ree 11,830 See cae 


Table II. Cases of Damage Due to Lightning on Subtransmissic 
and Distribution Systems 


Year 
Items 1947 1948 = 1949 198 
Number of thunderstorms during thissummer........... 403... 112 


Damages in generating and substations........ 22 60.. 38... 
Number of generating and substations......... 


Damage rate per 10 stations................. 0.52) 1.22.55 J0EVSe 
Damages to subtransmission lines,............ U5) 41.. 2A 
Total length of route of lines, kilometers....... 2,877. 2,912. 9 25r60s 
Damage rate per 100 kilometers.............. 0.52. 1.4.5 OSB 
Damages to distribution lines including dis- 

tribution transformers.................-+-- 969.. SID ie 
Total length of route of lines, kilometers....... . 32,802.. 32,954. aan 
Damage rate per 100 kilometers.............. 3).:0\5 LeSae 
Damages to distribution transformers only.. 230° . 729.. 370.. i 
Number of transformers in operation.......... 158 ,914..169,578..193,036, .202,9 
Damage rate per 1,000 transformers.......... 1 5a ABs 1.9. 


Table II. Cases of Damage Due to Lightning on Distributi 


Systems Counted Monthly 
(January 7 to August 37, 1950) 


Oct. Nov. I 


Year Jan. Feb. Mar. Apr. May June July Aug. Sept. 
1947.0... 0.. 0.. O.. 2. 25: %5., 65,. 207:. 145.20 
spa oi O.. Ti. 9.. 14. 13... 194). 419. 258... Siem 
ee fe 2elee GS ee ig 8.. 41,. 105.. 154, 109% nae 
a W000 41. 21 1.. 23.. 29.. 61.. 485.. 706 

a . pets AT ewes 9..157.. 74,. 97... 785..1,337.. 557..180... 3s 
centage...1.4..0.7..0.3..4.8, oo 2...3.05.24 0: 40.90,17.10) Sade Oman 
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le IV. Cases of Damage Due to Lightning on Distribution 
Systems Counted in Each Local Area 


Waka- 


Area yama Shiga 


Osaka Kyoto Hyogo Himeji Nara 


length of distribution : 
€ routes, kilometers....... 67,1605). 5,356. 5,152). 5), 862). 3). 00ls.54 210! 22,718 
360%) #270)..." 224-- Ba eeekOne Wie 95 


2: a eRe RS Po REP Aeon mMOdO) ve Aiden a4 on Sls. | AnGlamy aoe 


le V. Cases of Damage to Distribution Transformers Due to 
Lightning Classified as to the Damaged Part? 


Number of 


maged Part Cases Percentage 
BES BOOS UE rey Sad He is ra ein wh hls ea seats DAS) Ariat girs Peale aes 14 
TO CEN es ne a arr (RTE sein 4 AAS RO aera ne 1 
SEP TMT S farniaty Cewec.ce rc a> 11 ae ey OS A ie ar 34 
PRRBVITICTO DS bv. /oac 2) a/acodihess «vje 5 ems viel CoN Eyer Cate Ono Damen tree 31 
PREETI ose fore Sats aasatele sis vis seis a OU A 2 ieee ater 7 
BRET ALAM cn Suna ee cba einlevcttens Seed ZOD Seat ednsl eek 12 
on Fagen ety SRS: SPR eee ae Une oes Oc ne aia poem UAC. 
(se shan Es ag tives Ai a Mt saree Ul Ais Sear mire cma mew der jee 0.6 
ECR  iertil, Saeriet CliaGaste Sd oly Gea. eh iov MATHS cesses crepes avs nny icp ane 100 


Data on Lightning Arrester Discharge Currents, 1950 


Number of 


orded Discharge 


rrent, Amperes Records Percentage 

(SU a eee VES a ag CHO R Tr Soeosen G 43 
Paka aUO SER Pte RY, necks SRP oe cielo Oe Ohioca ite rarer area A A ne 12 
Pa eee Reed cs Ser asretamtidsicityaioss sites LVR GE TE ceca ERA RO Ee 18 

SM RAO Pelle ss clave one isle weds aia e tow eed Span Smapes aabugeessabow 7.5 

oa OUsmmreri tes Series 5, Selec nederae eet chel Sexe Sis = oats Seles: thomas 4.5 
UU SUGTID ay relearn Seen, overran (Picrenrn se ae ay tac an ack: 9 
SPM eNO OL a gh neteay va Prai erg pod ciao snipe Seat OR iret ae ere terel tea eto 0 
CUS SStTOE oe NS oOo eee ar tee LONE IRE 1 AuhO TODAS AEE 6 
sip alemernemintrt crits Po ciiee te «aes, aroe Ol oteer Par areetersereeet seis 100 


ometers long, and the only line without overhead ground 
res. Omitting the data for this unprotected line reduces 
e trouble rate for the remaining 721.1 kilometers to 1.4 
ses per 100 kilometers. 

On the 494.1 kilometers of 77-kv line there were 31 cases 
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lightning trouble or 6.3 cases per 100 kilometers. The 
ymage included 352 broken insulators and 136 insulators 
hich had their surface color changed. Table I sum- 
arizes the service interruptions on the 77-kv and 154-kv 
ies for the years 1948, 1949, and 1950. 
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Damage to subtransmission and distribution systems has 
also been recorded. ‘These systems are owned and operated 
by the Kansai Haiden K.K. Table II shows the cases of 
damage to generating stations, substations, subtrans- 
mission, distribution lines, and transformers for the years 
1947 to 1950 inclusive. Table III summarizes the cases 
of damage on distribution systems, by months for the year 
1947 to 1950 inclusive. ‘Table IV summarizes the cases of 
damage on distribution systems by local areas, for the 
period January 1 to August 31, 1950. In Table V are 
summarized cases of damage to distribution transformers 
classified as to the damaged part. These data are for the 
year 1939, and were previously published. 

In order to prevent spreading of the disturbances, dis- 
tribution feeders were de-energized at substations 265 
times in the Kinki District on thunderstorm days in the 
summer of 1950. The mean duration of service interrup- 
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tion was 47 minutes, with an average energy interruption 
of 414 kilowatt-hours. : 

Actual disturbances by lightning caused 264 feeder 
outages. The average duration of service interruption was 
73 minutes and the average energy interrpution 1,950 
kilowatt-hours. 

Lightning discharge current through station lightning 
arresters was measured by magnetic links installed on 167 
lightning arresters at 114 places, including generating 
stations and substations. Table VI gives the range of 
current recorded for the 67 records which were obtained 
in 1950. 

In Figures 4 and 5 are reproduced some lightning surge 
voltage expectancy curves, which have been previously 
published.4 Figure 4 is for primary distribution lines, and 
shows positive and negative surges for 1931 and for a period 
of 5 years. It is interesting to note the predominance of 
positive surges on these lines. Figure 5 gives similar data 
for secondary distribution lines taken during the year 
1S 
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Economical Power-Line Terminal-Voltage Ratio 
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HE PURPOSE OF this study was to determine the 

most economical terminal voltages to use on a 230-kv 
transmission line. To do this, annual transmission costs 
per unit of transmitted load were calculated and plotted 
as a function of receiver voltage. This was done for 
several sender voltages, receiver loads, line lengths, and so 
forth. The minimum points of the cost curves gave the 
most economical receiver voltage for the assumed condi- 
tions. The receiver-to-sender voltage ratio (only voltage 
magnitude is significant in this ratio) was determined for 
the minimum cost points. A plot then was made of 
terminal voltage ratio E,/E, versus receiver load for 
maximum economy; see Figure 1. 

The only fixed costs included in this study were the cost 
of line and circuit breakers. The line construction con- 
sisted of one steel-reinforced aluminum cable per phase, 
each cable equivalent to 500,000 circular-mils of copper, 
and supported by approximately 31 tons of steel per mile 
on a 150-foot right-of-way. Line costs included interest 
on total investment, replacement on a 50-year life basis, 
operation, and maintenance. ‘The annual costs of such a 
line was found from experience to be $1,680 per mile. Line 
lengths of 50 to 200 miles were investigated. The other 
fixed cost was that of two terminal circuit breakers. The 
circuit breakers considered were 230 kv, 7,500 megavolt- 
amperes with an estimated annual cost of $13,100 per 
circuit breaker. 

The variable costs included the cost of losses (evaluated 
at $15 per kilowatt-year) and the cost of the necessary 
terminal reactive equipment. ' | 

Reactive generation was considered to be made up of 
either the sending-end generator overexcited, or a combina- 
tion of 2/3 static capacitors and 1/3 synchronous con- 
densers. When using the former (applicable only to new 
installation), only the increase in the basic generator cost 
was charged to the reactive. This gives a very low cost 
for reactive. The static capacitor-synchronous condenser 
combination costs approximately $0.70 ‘per reactive 


Figure 1. Terminal- 
voltage ratio versus 
line load for minimum 
annual cost. 1/3 
terminal reactive re- 
quirements supplied 
by synchronous con- 
densers and 2/3 by 
static capacitors. Line 
construction: 150- 
mile 230-ky class, 
one 795,000 circular- 
mil steel-reinforced aluminum cable per phase, and an equivalent 
spacing of 34 feet. Load is 0.75 load factor and is considered 
unity power factor with capacitors (or reactors) added in shunt 
to give the specified terminal voltages 


TERMINAL VOLTAGE RATIO-E,/E, 


‘Too 150. 
TRANSMISSION LINE LOAD IN MEGAWATTS 


200 250 
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kilovolt-ampere of capacity per year in the. sizes use 
Reactors were used where required to maintain j 
specified voltages. No operating experience for react 
was available, but careful estimates placed their cost 
$0.42 per year per kilovolt-ampere. 
The transmission-line reactive requirements were ¢¢ 
sidered to be satisfied in one of the following four manne 
(all receiving-end reactive requirements were satisiié 
by the static capacitor-synchronous condenser combinati 
or the reactor in all cases): 1. same charge for the react 
required at either terminal; 2. no charge made f 
sending-end reactive; 3. charge only for the net reacti 
required; 4. charge for the sending-end reactive on f 
basis of increasing the generator size sufficiently to supp 
it in addition to the kilowatt load. 
This study indicated that relatively high receiver voltagi 
are more economical than low voltages. ‘This means 
reactive generating equipment can be purchased for th 
line and the saving in losses more than pays for the necessar 
equipment. For all assumptions investigated in thi 
study, maximum voltages permitted by insulation stresses 
(242 kv for the 230-kv class) should be maintained for lom 
lines heavily loaded. 
Figure 1 shows a typical plot of terminal voltage rati 
against load for maximum economy. ‘This curve indicate 
that, for the specified assumptions, the receiver voltage 
should be at least 95 per cent of the sender voltage, am 
even greater for loads over 150 or under 100 megawatt 
The other methods of charging for the sending-end reactive 
gave curves very similar to the curve shown with on 
exception. The exception was that of charging for th 
net reactive. In this case the voltage ratio for maximul 
economy was considerably higher than on the curve show! 
Unity load factor, rather than 0.75, was used to determine 
a set of curves. The curves comparable to Figure 1 exc 
for load factor were nearly identical with those of Figure 1 
This indicates that the conclusions reached may apply fe 
a wide range of load factors. 
A comparison also was made between curves based ¢ 
public power costs and curves based on a typical set 
private power costs. The curves resulting from the prival 
power costs were nearly identical with those for publ 
power costs. This does not mean that the costs were th 
same, but rather that with either set the best economy | 
realized from the same operating voltages. 
On systems transmitting large blocks of power tk 
operating terminal voltages should be viewed very critical 
from the standpoint of economy. The purchase of reacti 
generating equipment may prove a very wise investment 
Digest of paper 51-311, “Transmission-Line Terminal-Voltage Ratio for B 
Economy,” recommended by the AIEE Committee on Transmission and Distributl 


and approved by the AIEE Technical Program Committee for presentation at t 


AIEE Pacific General Meeting, Portland, Oreg., August 20-23, 1951. Not schedul 
for publication in AIEE Transactions. 
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PROPER PERFORMANCE of gun-type oil burners 
jOperating with from 5 to 15 gallons of oil per hour led 
jan investigation that pointed to ignition delay as the 
ase of malfunctioning. The delay referred to is the time 
erval occurring between application of voltage to the 
jition transformer primary and the initiation of the spark 
harge in the spark gap. 

\ laboratory investigation of this delay phenomenon has 
en carried out using a standard’ domestic oil burner 
hout oil. Commercial nichrome electrodes 1/8 inch in 
meter adjusted for a 1/8-inch spacing were used. The 
ysical arrangement permitted automatic cycling of the 
burner for any desired on-off period with circuits so 
anged that the ignition transformer primary voltage 
d be maintained at desired values and remain un- 
ected by the starting surge of the oil burner motor. 
Dvisions were also made for measuring the open circuit 
tage applied to the spark gap. One pen of a 2-pen 
h oscillograph records the instant of application of 
ltage to the ignition transformer primary, while the 
ond pen records the incidence of spark discharge. 
During the tests no attempt was made to control such 
tors as humidity, temperature, or barometric pressure, 
d these varied through the ranges to be expected during 
© period of testing from November 1949 to September 
0. Voltage was applied simultaneously to the blower 
stor and ignition transformer primary and removed after 
€ minute. A waiting period of varying length called 
e off-time was introduced between successive applications 
voltage. The blower, at normal speed, produced an air 
locity of approximately 50 feet per second. Gap spacing 
aS Maintained at 1/8 inch by checking at the beginning 
id end of each run of 100 trials. 

Initial investigation had indicated that the delay ex- 
ienced was a function of the off-time. After many runs 
off-times of various values between 1 and 29 minutes, 
data indicated that the off-time was not significant. 
The data obtained are plotted for convenience on 
obability paper using delay-time as ordinate and cumu- 
five per cent as abscissa. Figure 1 shows typical data. 
ach curve represents approximately 900 applications of 
ltage. Curve A shows the results for an ignition trans- 
rmer primary voltage of 115 volts (rated value), and curve 
shows the data for a primary voltage of 100 volts. The 
mificance of the data can be understood by noting that 
th the transformer operating at 115 volts, in 98 per cent 
the cases the delay was five seconds or less; and in 99.6 
r cent of the cases, the delay was eight seconds or less. 


a eS 
est of paper 51-320, “Ignition Delay in Oil Burners,” recommended by the AIEE 
mmittee on Domestic and Commercial Applications and approved by the AIEE 
hnical Program Committee for presentation at the AIEE Fall General Meeting, 
veland, Ohio, October 22-26, 1951. Scheduled for publication in AIEE Trans- 
ms, volume 70, 1951. 

dinand Hamburger, Jr., is professor of electrical engineering, The Johns Hopkins 
iversity, Baltimore, Md. 
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Ignition Delay in Oil Burners 
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Figure 1. (A) Delay for primary voltage of 115 volts. (B) 


Delay for primary voltage of 100 volts 


For 100 volts, in 86 per cent of the cases the delay was five 
seconds or less, and in 93.5 per cent 8 seconds or less. 

Data also were obtained for voltages higher than those 
in use today. The data cited here for a primary voltage 
of 115 volts correspond to a secondary open circuit voltage 
of 10,368 volts rms, 14,661 volts peak. If the secondary 
voltage is increased by approximately 50 per cent, there 
results a tenfold decrease in delay. 

A beginning was made in a study of the effect of the 
surface condition of the electrodes. The electrodes were 
polished to a mirror-like appearance and a series of runs, 
each consisting of 100 applications of voltage, was made. 
The delay became worse as the electrodes were fired, but 
soon the delay became less and even improved. 

Irradiation of the spark gap was investigated, and 
virtually eliminated the delay problem. When the gap 
was irradiated from a neutron source producing approxi- 
mately 500,000 ion-pairs per cubic centimeter, per second, 
per atmosphere in the vicinity of the gap, no delays ex- 
ceeded 3/4 second; under the same condition without 
irradiation, 25 per cent of the delays exceeded 2 seconds. 

In actual operation of burners in the field the difficulties 
experienced by delayed ignition have been cured by the 
use of a relay in series with the ignition transformer primary 
so connected that the blower and pump cannot start until 
ignition has taken place. 
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first line of defense against the whims of nature and 

of man for 70,000,000 circuit miles or 90 per cent 
of the Bell System’s communication network. ‘These 
70,000,000 miles of circuit are covered with over 300,000 
miles of cable sheath. The growth in the number of miles 
of cable and in the Bell System’s investment in cable during 
the past 40 years (see Figure 1) is testimony to the im- 
portance of the cable sheath 
itself. The dependability of 
service to its customers and 
the protection of its invest- 
ment go hand-in-hand in 
causing the Bell System to 
pay particular attention to 
cable sheath. The engineer- 
ing of each cable installation 
is a complex problem in economics involving a satisfac- 
tory balance between costs and the quality of the service 
required of the circuits inside the sheath. 

Recent developments in sheath design have tended to 
complicate the terminology concerning cable sheath. For 
this reason the following definition is given and is used 
throughout this article: everything outside the cable core 
is considered to be part of the cable sheath and consists of 


Bareetaoee 
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A oe SHEATHS OF telephone cables provide the 


sign problems. This 


200 1000 
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MILLIONS OF DOLLARS 
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YEAR 
Figure 1. Bell System cable plant mileage and investment 


(1) a basic sheath only, or (2) a basic sheath and various 
protective coverings that may be applied over the basic 
sheath for the purpose of further safeguarding it. The 
sheath types that are now considered to be basic are shown 
in Figure 2. 

Approximately 75 per cent of all Bell System cables are 
located in exchange areas and are covered only with a basic 


1070 


The wide variety of hazards to which Bell System 

cable sheaths are subjected imposes many de- 

article 

nature of these hazards and their effect on 
cable sheath engineering. 


Horn, Ramsey—Cable Sheath Problems 


y 


R. B. RAMSEY 


type of sheath. Protective coverings are applied oy 
the basic sheath of all submarine cables, a substantial pat 
of all toll cables, and some exchange area cables. 

The worst enemy of paper-insulated cable is 
Particular care is employed at the factory to insure that 
the cable core of insulated conductors is dry before th 
basic sheath is applied. If the paper is allowed to abs¢ 
moisture the shunt conductance rises rapidly and 
increase in attenuation tha 
results can eventually put the 
circuit out of service. 

There are several requil 
ments which cable shez 
must meet prior to inste 
lation. All cable sheath, f 
instance, must have sufficie 
flexibility and tensile strer 
to permit the cable to be placed on and removed from 
reel of reasonable diameter several times without injury 
Such rereeling is required when cable is being armouret 
or corrosion protected and when stock cable is to ye 
shipped on orders for less than full reel lengths. Upon 
arrival at location the cable must then endure removal from 
the reel and the process of installation. From then on 
must withstand the damaging influences that are peculi 
to its particular location. An accurate evaluation 
understanding of the hazards which beset every ¢. 
installation are mandatory if an average cable life of 30 
40 years is to be achieved. The requirements placed u 
a cable by its environment are very much dependent u 
whether the cable is placed underground, on the gro 
under water, or in the air. Underground cables 
either be buried or placed in ducts. 

The requirements placed upon cable sheaths by enviro 
ment may be classed as mechanical, electrical, and co 
sional. The mechanical requirements include  tensi 
strength, resistance to abrasion, creep, bruising, and 
fatigue caused by vibration and temperature chang 
The electrical requirements are necessitated by light i: 
and the inductive interference effects of power lines. Th 
corrosional requirements result from stray currents fre 
electrified railway lines, earth currents, or from corrosi 
soil and duct conditions. 


describes the 


CABLE SHEATH PROBLEMS 


u | ‘HE MECHANICAL requirements of buried cable shea 
would be rather severe if it were not for the fact th 


Essential text of paper 51-330, “Bell System Cable Sheath Problems and Desig 
recommended by the AIEE Committee on Wire Communications Systems and app ro 
By the AIRE Technical Program Committee for presentation at the AIEE Fall Gen 
ecting, Cleveland, Ohio, October 22-26, 1951.: Scheduled for publication in Al 
Transactions, volume 70, 1951, ; a 


F. W. Horn is with the Bell Telephone Laboratories, Kearny, N. J., and R. B. Ram 
is with the Bell Telephone Laboratories, Baltimore, Md. : 4 
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buried telephone cables are covered with approxi- 
tely 30 inches of earth. This depth protects the cable 


cient to prevent wholesale damage by plows and small 
d tools. Erosion in hilly terrain, however, can reduce 
terially the cable depth, and, in some cases, will com- 
tely expose the sheath. In locations of this sort the 
ath is subject to abrasion by rock movements caused 
freezing and thawing and to bruising by rock-falls and 
es. Also, in some sections of the United States, notably 
north central part, gophers have caused so much 
age to cable sheath that special measures are taken 
inst them. 

able that is laid on the ground in gullies and dry 
shes must have sufficient tensile strength and sturdiness 
its sheath to resist the drag and pounding which it will 
eive during flash floods. Some cables must be installed 
rocky and rugged terrain that is inaccessible for normal 
tallation equipment. In those cases the cable must 
snaked into position with a wire rope; the sheaths 
olved must not only have considerable tensile strength 


LEAD ALLOY NATURAL POLYETHYLENE 
LEAD ALLOY 
THERMOPLASTIC CEMENT 

PLAIN LEAD LEPETH 


BLACK POLYETHYLENE BLACK POLYETHYLENE 


THERMOPLASTIC CEMENT 


y CORRUGATED SOLDERED SEAM 
OVERLAPPED 
CEMENTED SEAM BESO 
ALPETH STALPETH 
Figure 2. The four basic cable sheath designs 


it must also resist serious abrading and cutting forces 
ring installation. 


The mechanical requirements of duct cable sheath are 


ually simple in that they only involve installation. The 
ible sheaths are well lubricated as they enter the ducts 
id, except under adverse duct conditions, are subjected 
only minor abrasion during the pulling-in process. 
he sheath, however, must be able to withstand the rather 
vere bending and twisting incidental to splicing and 
cking in manholes. 

Where aerial cable sheath is involved the mechanical 
quirements are focused mainly upon fatigue. Wind 
\d temperature changes cause the cable to swing and bow. 
he basic sheath materials, therefore, must be sufficiently 
sistant to fatigue from these sources. Damage to aerial 
ble occasionally results from stray bullets from small 
ms, flying stones from blasting operations, and objects 
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cast by small boys. Even the lowly fishhook has taken 
its toll. 
The list of mechanical requirements for submarine 


cables includes tensile strength, abrasion resistance, and 


stiffness. Great tensile strength is required because 
Figure 3. Percent- 
age of lightning 


strokes to buried 

structures in which 

current exceeds or- 
dinate 


i { 
J 
TN 
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ae 


irregularities in submarine topography may leave long 
spans of cable unsupported and because large dragging 
forces are created by tides and, now and then, by anchors 
of ships. Vibration fatigue is important where fast tides 
cause the cable to be in almost constant motion. 

The damaging aspects of lightning to cable take two 
forms in that the current can burn holes in the sheath and 
can arc fsom the sheath to the inside of the cable. Holes 
in the sheath can cause eventual circuit failure by allowing 
the ingress of water, the carbonized products of burned 
insulation can produce immediate outages, and in severe 
cases of damage actual fusing of the conductors may occur. 

The important characteristics of lightning itself include 
the current amplitude and wave shape of the stroke and 
its frequency of occurrence. The current! of the average 
stroke has been found to reach its crest value in 5 to 10 
microseconds and to drop to half of its maximum value in 
70 microseconds. The possibility of damage to a cable 
depends upon the magnitude of the peak current; the 
severity of the damage is related to the energy content in 
the wave following the peak. The crest currents of 
lightning discharges vary over a wide range, see Figure 3. 
The number of thunderstorm days per year varies ex- 
tensively throughout the United States and is shown in 
Figure 4. Field studies extending over a number of years 
have shown that the number of strokes to earth per square 
mile per thunderstorm day ranges from 0.28 in northern 
to 0.43 in some southern parts of the country. 

An aerial cable will attract all the strokes along a zone 
whose width is about seven times the height of the cable 
above the ground,? and hence the average number of 
strokes per year to an aerial cable can be computed readily. 
For a buried cable the width of the zone of attraction in 
feet ranges from 1.4 to 2.4 times the square root of the earth 
resistivity in meter-ohms. The 1.4 applies for resistivities 
in excess of 1,000 meter-ohms and the 2.4 is for resistivities 
less than’ 100 meter-ohms. From these figures it can be 
seen that an aerial cable 25 feet high will collect four 
times as many strokes as a buried cable where the soil 
resistivity is 1,000 meter-ohms. The presence of trees, 
power lines, buildings, water towers, and so forth, along the 
cable route causes a marked reduction in the effective 


me 


width of the lightning zone of an aerial cable, but has 
little effect on that of buried cable. However, buried and 
duct cable are given considerable protection by water 
pipes and other conducting structures along the line of the 
cable. 

After the number of strokes per year to a cable has been 
estimated, the next step is to determine the number of 


Figure 4. Map showing average number of thunderstorms per year 


those strokes that will have sufficient peak current to 
damage the cable. For buried cable this maximum 
allowable crest current, J,,, in kiloamperes is approximately 
equal to 


_0.31V, 


1Ln=>—=> 
m Rv/o 


where JV, is the impulse rating in kilovolts of core-to-sheath 
dielectric; R is the d-c resistance of sheath in ohms per 
mile; and p is the earth resistivity in meter-ohms. The 
number of faults per year, WV, on. the length, /; of buried 
cable can now be obtained from 


N=an/100 


where a is the per cent obtained from Figure 3 using J,, for 
the ordinate value; and 7 is the probable number of strokes 
collected by buried cable in one year. 

The situation is more complicated for aerial cables? 
because the current can flash over to ground at guy wires, 
pole protection wires, and so forth. 

The resistance of the cable sheath and the impulse break- 
down voltage of the core-to-sheath insulation are the only 
controllable features which are an integral part of the cable 
itself. 

There are two aspects to the induction problem. One 
concerns the normal operating condition of the power 
line while the other is associated with the abnormally large 
currents when a fault occurs. Both of these aspects are 
fundamentally the same although they manifest themselves 
in rather different ways in their effect on cable circuits. 
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Under normal operating conditions noise can be intr 
into the cable circuits by the fundamental and harmo 
of the power frequency. When sufficiently high, indy 
voltages can render signaling circuits inoperative and n 
can impair the intelligibility of talking circuits. F 
currents induce voltages from conductor to sheath, she 
to ground, and across the ends of an opened condue 
which may be dangerous to pers 
nel working on the cable. Ina 
tion, these high induced volt 
can cause protectors on the 0% 
conductors to operate and there 
ground the conductors either 1 
mentarily or permanently. 

The layer of metal in all b 
cable sheath provides an alme 
perfect shield against electric fi 
and reduces the deleterious ef 
of magnetic fields). The magn 
shielding comes about because 
power line current induces volte 
in the metallic shield. The res 
ing current sets up a magnetic f 
of its own in opposition to that 
the power line current. The. 
resistance of the sheath, therefc 
plays a predominant part in the 
termination of the magnetic shield 
and should be.as low as practicak 
This requirement is in entire agr 
ment with that presented by the lightning problem. 

Other variables involved in the amount of magne 
shielding are frequency, the impedance of ground co 
nections, the earth resistivity, the leakance of the shea 
to earth, and so forth, When magnetic materials s ch 
steel tapes are used as part of the sheath, the shielding a! 
depends upon the amount of induced current in the shie 
and the permeability, diameter, number,’ thickness, wid 
angle of spiral, and air gap between turns of the steel taf 

The corrosion problem results from the various elect 
chemical phenomena that can be present when: } 


1. Dissimilar metals are conductively connected 
gether and immersed in an electrolyte. 

2. A given metal is immersed in dissimilar electroly 
that are conductively connected. q 

3. Stray currents from d-c systems enter or leave 
sheath via an electrolyte. A 

4. The electrolyte is chemically active with regard 
the metal. 


The currents involved may be man-made, such as st 
trolley currents, or may be caused by self-genera 
voltages that are established in accordance with 
electromotive series and the nature of the electrolyte 
which the cable is immersed. 

Duct and buried cables are far more subject to corros 
than are aerial cables. Normal atmospheric conditi 
usually keep aerial cables dry. Duct and buried cab 


however, are frequently exposed to at least one or mor 
the conditions outlined. 
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[The part that the cable sheath can play in the reduction 
(corrosion is to minimize the reaction of its metallic parts 
h electrolytes and metallic structures. From the corro- 
problem standpoint the insulation resistance of the 
path to ground should be high enough to limit current 
msities to safe values. 


CABLE SHEATH DESIGNS 


\Plain Lead. As its name implies, this is simply a sheathing 
lead which is extruded over the cable core. While the 
ath is broadly referred to in most cases as lead, it is in 
ality a lead alloy. Pure lead is inferior to some of the 
oys from a fatigue standpoint and therefore is not recom- 
ended for aerial use. Small or fractional percentages 
tin, calcium, silver, and zinc have been alloyed with 
ad with reasonable success but for all-around service 
per cent antimony alloyed with 99 per cent lead is now 
ost generally used. 

Lead sheath alone provides sufficient mechanical pro- 
tion for most aerial and duct installations and is likewise 
effective moisture barrier. Its conductivity in combi- 
ation with the dielectric strength provided by the con- 
ctor insulation and core wrap is sufficient to prevent 
cessive lightning failures in most duct installations and 
aerial installations except where very small cables are 
volved in areas where lightning storms are prevalent. 
rom the standpoint of low-frequency induction the lead 
eath when properly grounded is reasonably effective as a 
ield and of substantial benefit in reducing noise in the 
elephone circuits. From the corrosion standpoint lead is 
atisfactory in dry surroundings but susceptible to corrosion 
h a wet environment if stray electric currents or corrosive 
pil conditions exist. Lead is very adaptable to forming 
uring the installation operations. Also, the sheath 
tegrity is made continuous across a splice by hot-wiping 
lead sleeve directly to the lead sheath. 


Alpeth and Stalpeth Sheath. Alpeth sheath, which is shown 
1 Figure 2, consists of an 0.008-inch aluminum tape 
pplied longitudinally with overlap and an extruded 
bolyethylene outer jacket. The seam in the aluminum is 
led with a polyisobutylene cement, and a flooding of 
bber thermoplastic cement applied over the aluminum 
orms a bond between the aluminum and polyethylene. 
This sheath is a postwar development. The scarcity 
f lead, lead controls, and high lead price all pointed out 
he importance of having a substitute sheath available, and 
f possible a more economical one. The problem was not 
mm easy one, however, as all materials used would have to 
ye in plentiful supply and at a reasonable cost. Also 
my sheath developed would have to fulfill to a reasonable 
legree all the obligations discussed for lead sheath. 
Investigation of materials and application techniques 
ndicated that metals or metal alloys were not particularly 
romising. Development of plastics during the war years, 
jowever, had proceeded at a rapid rate and there were 
everal that showed promise. Plastics, in contrast to 
netals, permit passage of moisture and in this respect 
yolyethylene appeared to be the most logical choice since 
is diffusion constant is lower than other commercially 
vailable plastics. The mechanical characteristics of poly- 
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ethylene are likewise excellent. It is tough, abrasion 
resistant, and can be extruded readily at temperatures in 
the range of 300 to 500 degrees Fahrenheit. It does not 
become brittle until temperatures well below those normally 
encountered in the field are reached and continued flexing 
or vibration does not appear to produce the fatigue effect 
found in metals. 

These characteristics are all excellent, but degradation 
of the polymer will take place if it is exposed to sunlight. 
Bell Telephone Laboratories’ chemists found, however, 
that very great improvement in aging characteristics 
could be achieved by thoroughly dispersing 2 per cent 
finely divided carbon black in the polyethylene.* An 
antioxidant also is added to the compound to protect it 
during processing and to improve its aging characteristics. 

The polyethylene alone, however, could not fulfill all 
of the requirements of a sheath as the amount of moisture 
which would diffuse through any jacket of reasonable thick- 
ness would be intolerable and the cable would have essen- 
tially no protection against lightning or inductive inter- 
ference. A metal was needed, therefore, and the field was 
readily narrowed to copper and aluminum with aluminum 
being chosen because of lower cost. 

The thickness of the tape decided upon was 8 mils, 
which represents a compromise between electrical and 
mechanical considerations. ‘To obtain the most moisture- 
proof seam and maximum longitudinal conductivity, the 
tape was applied longitudinally with an overlapped seam 
which could be sealed with cement. Such a tube, however, 
is not sufficiently flexible except for core diameters below 
approximately 0.60 inch, so a means of adding flexibility 
to this structure for the larger cables was needed. This 
was accomplished by precorrugating the aluminum tape 
at right angles to its length before forming. With ap- 
proximately sine-wave shape and 10 corrugations per 
inch sufficient material is stored up to give excellent 
flexibility to the completed sheath. To further improve 
the moisture resisting properties the aluminum envelope 
is flooded with thermoplastic cement which also adheres to 
the polyethylene outer jacket. 

The completed alpeth sheath provides good mechanical 
protection and its lightning protective and inductive 
shielding qualities are adequate for most situations. In 
fatigue it is better than lead and the polyethylene jacket 
is a corrosion resistant covering. The lighter weight of 
alpeth sheath permits the use of longer spans. From a 
moisture barrier standpoint it is inferior to lead in service 
but even in this regard its life should be adequate. 

As with any new product there were many problems. 
Lead splicing sleeves readily can be wiped to lead cable 
but obviously cannot be joined as easily to alpeth. An 
effective type of sheath splice has been developed but at 
the present time this joint must be accomplished by using 
adhesive materials and a fairly complicated technique 
which increases the cost of the splice. , 

Many minor problems were encountered and solved but 
a major trouble also developed which threatened the very 
life of alpeth cable. About six months after production 
began, field reports started coming in to the effect that the 
polyethylene sheath had cracked near the splice or that 
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cracks had been found after removing a cable which would 
not hold gas. The first reaction was that the failures were 
due to structural weakness of the polyethylene and test 
cables were subjected to all manner of extreme handling, 
_ which only emphasized the toughness and strength of the 
jacket. 

After many blind alleys had been explored it was found 
that certain agents, which will be referred to as contami- 


Figure 5. Stalpeth cable showing corrugated steel and aluminum 


nants, would cause polyethylene to crack under reasonably 
mild strain conditions.‘ Among the most active of these 
surface contaminants are detergents and soaps. Since 
splices often are pressurized and tested for gas leaks with 
a liquid soap solution and a compound consisting largely 
of soap was used in certain areas as a duct lubricant, it 
is not surprising that failures were reported from the field. 

All known contaminants were banned immediately, 
and new types of pressure testing solutions and duct lubri- 
cants were developed and put into use. The most im- 
portant goal was, however, to obtain a polyethylene which 
is crackproof. This project has not been completed but 
great improvement has already been obtained mainly 
through increasing the average molecular weight of the 
polymer. Laboratory tests now indicate that the most 
active contaminants will not crack the present alpeth 
jacket even at strains far beyond any to be found in the 
field. 

Engineers then attacked the problem of improving the 
moisture resistance and lowering the high splicing cost 
inherent with the present type splice used for alpeth cable. 
The result is a modification of alpeth sheath and is called 
stalpeth. In this construction, which is shown schemati- 
cally in Figure 2 and asa photograph in Figure 5, there is 
a corrugated 0.008-inch aluminum tape applied longi- 
tudinally with slight gap. There is then a corrugated 
0.005-inch terne coated steel tape applied longitudinally 
with a soldered overlap. The steel is flooded with thermo- 
plastic cement and over this is applied a polyethylene 
jacket. 

Soldering is the critical operation in producing this 
design. A flat solder strip is fed into the overlap in the 
corrugated steel just after forming, and immediately 
thereafter the cable passes underneath the work coil of an 
induction heater. With steel, soldering can be accom- 
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plished with 4 to 5 kva with a line speed of 50 feet 


minute. 

Stalpeth, which in time will replace alpeth, is essentia 
moistureproof. The initial cost is roughly the same 
alpeth since it is practicable to reduce the thickness of } 
polyethylene jacket, and splicing costs should be ce 
siderably lower since the steel jacket furnishes a surfa 
to which lead sleeves can be joined by the wiping techn 
Although for the time being stalpeth will only be ap oli 
at the plants manufacturing exchange area cable, the 
no basic reason why this type of sheath could not be 
for toll cable, except where lightning is a problem, if th 
relative supply or price of polyethylene with respect 
lead made this desirable. 


Lepeth Sheath. The basic sheath design for lightning 
protection is called “‘lepeth” sheath. This design, % 
shown in Figure 2, consists of a 75-mil layer of polyethylen 
surrounded by a layer of lead. A flooding of thermoplas 
cement is applied between the polyethylene and lea 
layers. 


(B) POLYETHYLENE JACKETED 
-. (SEE NOTE 2) 


PAPER ~ 
Ry, BASIC 
(a) JUTE PROTECTED ane SHEATH 
(SEE NOTE 1) i | 
) << STEEL 
BASIC APE 


PULTESS 


GALVANIZED 
STEEL TAPE 
(C) AERIAL TAPE ARMOR (D) BURIED TAPE ARMOR 


(SEE NOTE 1) 


x: 


~ s) 
(E) MODIFIED TAPE ARMOR (F)LIGHT AND SINGLE WIRE ARMORS 


(SEE NOTE 1) (SEE NOTE 3) 
BASIC 
SHEATH 
GALVANIZED 
STEEL WIRES 
GALVANIZED =A 
STEEL WIRES Rs 


(G) DOUBLE WIRE ARMOR 
(SEE NOTE 3) 


NOTES: 


|. BASIC SHEATH AND EACH LAYER FLOODED WITH ASPHALT 
COMPOUND. COATING OF WHITING APPLIED TO FINISHED CABLE. 


2. BASIC SHEATH FLOODED WITH THERMOPLASTIC CEMENT. 


3. EACH-LAYER PROTECTION FLOODED WITH ASPHALT COM- 
POUND. COATING OF WHITING APPLIED TO FINISHED CABLE. 


Figure 6. Protective covering designs for cables 
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‘he_75-mil layer of polyethylene is tested at the factory 
3 seconds at 20,000 volts d-c and has an impulse voltage 
akdown rating of 30,000 volts. This high impulse 
tage rating and the low resistance of the lead covering 
vide excellent electrical protection against lightning. 
r example, a buried lepeth cable with a core diameter of 
7 inches has a sheath resistance of approximately 1.5 
ns per mile. When installed in soil that has a resistivity 
ual to or less than 1,800 meter-ohms the sheath will be 
ctrically immune to strokes that place less than 150,000 
peres on the sheath. In localities where the number of 
nderstorm days per year does not exceed 50, the proba- 
ity of failure due to lightning would be approximately 
e or less failure per year per 1,000 miles of sheath. 


COVERINGS FOR BASIC CABLE SHEATH 


Jute Protected. Buried cables with plain lead or lepeth 
sic sheaths may be jute protected. This design, Figure 
, is relatively inexpensive and provides good protection 
ainst the hazards of the plowing-in operation. It is 
ed where corrosion, power line interference, gophers, 
d mechanical damage risks do not present special 
oblems. The paper, asphalt, and jute covering over 
e basic sheath do not offer any protection against light- 
ng in addition to that provided by the basic sheath. 


Polyethylene Jacketed. ‘The polyethylene jacket type of 
otection covering is used at present only in duct installa- 
ons where corrosion problems are present. This design, 
igure 6B, gives excellent corrosion protection to the lead 
der the polyethylene because the resistivity of poly- 
hylene is very high even when immersed. The poly- 
hylene covering is tough and is scuff resistant; its smooth 
face allows the cable to be pulled into ducts with ease. 


Steel Tape Armored. Aerial and buried cables with plain 
ad or lepeth basic sheath may be tape armored. The 
erial design, Figure 6C, consists of a layer of jute and two 
yers of galvanized steel tapes. The buried design, 
igure 6D, is made up of a layer of paper over the basic 
eath, two layers of jute, two layers of steel tape, and two 
10re layers of jute; the basic sheath and each layer of 
rotection are flooded with an asphalt compound and a 
oating of whiting is applied to the finished cable. No 
sphalt compound is used in the aerial design because 
orrosion protection usually is not needed and because the 
sphalt would slowly drip from the cable and create a 
ublic nuisance. 

The buried design is susceptible to lightning damage 
n a way that is rather curious. The jute, paper, and 
sphalt applied between the lead and the steel tapes act 
$ an insulator between them. Lightning currents may 
re from the steel tapes through this insulation to the lead. 
‘he explosion products produced by this arc create a 
igh pressure gas pocket between the lead and the steel 
apes which can collapse or flatten the cable at the point 
f entry of the stroke. This problem is especially serious 
shere the essentially hollow tubes of coaxials are involved. 

To circumvent this lightning problem a modified form 
f tape armor was developed for buried cables. This 
esign, Figure 6£, consists of a layer of alternate lead alloy 
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and paper tapes, three layers of steel tape, and two layers 
of jute. The basic sheath and each layer of protection are 
flooded with an asphalt compound and a coating of whiting 
is applied to the finished cable. 

This modified design of tape armor replaced the pre- 
viously described design for all buried toll cables exposed 


Figure 7. Cross- 

sectional view of 

double wire armored 
cable 


to lightning, and derives its advantage from the fact that 
the lead tape allows lightning current to travel from the 
steel tapes to the lead sheath without arcing. 


Light Wire Armored. ‘The tensile strength and abrasion 
resistance of the armor wires used by this design, Figure 
6F, allow it to be used in a variety of places. Light wire 
armored cable can be laid over rocky terrain that is not 
plowable, and can be snaked into locations, such as swamps 
and very rugged terrain, that are inaccessible to cable 
installation equipment. It also can be used as buried 
cable across gulleys or other places where erosion is likely 
to expose the cable and leave unsupported lengths. ‘This 
protective design is employed also for crossings of reservoirs 
and shallow lakes and streams where navigation is restricted 
to canoes, rowboats, and launches. 


Single and Double Wire Armored. The single wire armored 
design employs heavier armor wires and thicker lead 
sheath than the light wire armored design; these are the 
only differences between the two. The double wire 
armored design is shown in Figures 6G and 7. 

Both of these designs are intended for submarine use. 
Single wire armored cables are employed in deep lakes, 
across navigable streams, and in coastal waters, including 
estuaries, bays, and inlets. Double wire armoring is for 
use under unusually severe submarine conditions such as 
locations having fast tides and rocky irregular bottoms. 
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Analysis of 3-Phase Inverter with Resistive Load 


R. E. TURKINGTON 
ASSOCIATE MEMBER AIEE 


LTHOUGH GAS-TUBE INVERTERS have had 
only moderate use in the past, they have potentialities 
of far wider applications in many fields. Possible applica- 
tions include use of inverters to supply power to induction 
and synchronous motors, use of inverters at the receiving 
end of a d-c transmission line, and use of inverters in electric 
railway systems to allow power to flow from the d-c system 
to the a-c supply. Certain polyphase circuits have been 
designed primarily for operation at a fixed-frequency or 
over a limited-frequency range. If operation of poly- 
phase inverters can be extended down to zero frequency, 
inverters may be able to supply variable-frequency power 
to polyphase induction and synchronous motors, thereby 
providing continuously variable speed from zero to full 
speed in either direction. An inverter circuit capable 
of this type of operation is the 3-phase bridge-type inverter 
which is commutated by capacitors connected across the 
output terminals of the inverter, as shown in Figure 1. 
When this inverter is operated over a wide range of 
frequencies, the output-voltage waveforms are far from 
sinusoidal. If the input current is assumed constant at a 
value J, the output-voltage waveforms can be calculated 
readily. A set of normalized waveforms for various 
values of load is shown in Figure 2. In the figure the 
time scale ¢ and the load-network time constant r=3RC 
have been normalized with respect to the grid excitation 


FIRING ORDER 
163254 


INPUT VOLTAGE BUS 


(B) 


Figure 1. Three-phase inverter with resistive load 
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frequency f, and the voltage between nodes a and 5,1 
has been normalized with respect to E=2JR. 

There are two principle disadvantages to the invert 
shown in Figure 1 aside from the nonsinusoidal oucp 
voltage waveform. The first is that the firing system al 
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Figure 2. Normalized output-voltage waveforms for varic 
values of the load-network time constant 


mu 


the commutation system must be.very reliable, for 
failure of a tube to be fired or extinguished at the prop 
time may cause two tubes in the same phase (tubes one a 
two in phase a, for example) to conduct simultaneousl 
and form a short circuit across the d-c source. 

The second disadvantage is that proper operation of the 
inverter requires that negative reactive power be draw 
from the load, necessitating a leading power-factor load 
When a resistive load is placed upon a capacitor-com 
mutated inverter, the capacitors supply the require 
reactive power to the inverter. There is no difficulty i 
obtaining leading power-factor loads in this case, and 
experimental inverter operates properly over a frequenc’ 
range extending down to zero for various values of load 
When the inverter is supplying an inductive load, howe 
the capacitors must be large enough to cause the load see! 
by the inverter to be capacitively reactive. This require 
ment is difficult to fulfill when low-frequency operation | 
attempted with inductive loads. Brief experimentatio 
with an induction motor load indicated that satisfactor 
variable-speed operation could be obtained for frequencic 
down to about 12 cycles per second. Below this frequenc 
commutation difficulties frequently were encounteré 


which were caused, in part, by the lack of a leading powel 
factor load. 
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Current Transformers Near High-Current Busses 


R.A) PFUNTNER 


ASSOCIATE MEMBER AIEE 


HEN CURRENT TRANSFORMERS are applied 
in the vicinity of busses carrying large currents, the 
nsformer accuracy may be very seriously affected. This 
particularly true on systems which normally carry over 
)O0O amperes and may carry 10 or 20 times this current 
ing faults. A current transformer designed to operate 
otective relays during such a fault may be rendered 
pletely useless by improper installation. For instance, 
pure 1 gives the accuracy of a certain current transformer 
th the primary return conductor at several different 
acings. — 

If a burden of 0.190 ohm were used, and a return spacing 
12 inches, saturation would occur at about 10,000 
peres. However, with the same burden and a return 

lacing of 6 inches, saturation would occur at only 6,000 
peres. This could mean the difference between relays 
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serating properly and relays not operating at all. Be- 
yuse such operating conditions are difficult to reproduce 
test, it is usually necessary to rely on calculated rather 
lan tested accuracy when such a situation is encountered. 

current transformer which is being subjected to inter- 
rence flux from an adjacent conductor presents the same 
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problem of accuracy calculation as a transformer with 
internal leakage. 

Considering a ring-core current transformer with single- 
bar primary, the flux in the core due to the adjacent con- 
ductor current may be found from Figure 2. R is the 


PICK-UP FACTOR —k 


Figure 2. Core pickup factor: enter with D/R; horizontally to 
R-r/R; vertically to W/R; horizontally to k 


outside radius of the core, r is the inside radius of the core, 
W is the width of the core, D is the distance from the center 
of the primary conductor to the center of the adjacent 
conductor, and & is the ratio of the actual flux entering the 
core to that which would have entered a nonmagnetic 
core of the same dimensions. 

If the calculations are made by determining the primary 
current necessary to produce an assumed secondary cur- 
rent, the stray flux may be assumed to divide in the core 
in such a manner as to induce zero voltage in the secondary 
winding. 

Several calculated accuracy points are included in Figure 
1 to give an idea of the comparison between calculated and 
tested results. a 

It should be noted that when calculations are made in 
the region where the core iron is saturating, very small 
errors in density produce very large changes in calculated 
accuracy. This means that calculated accuracy cannot 
be expected to check- tested accuracy closely if the trans- 
former errors are large. Usually the point where the 
errors start to increase rapidly can be calculated with 
reasonable accuracy, but no attempt is made to carry the 
curve further. 


Digest of paper 51-308, ‘““The Accuracy of Current Transformers Adjacent to High- 
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ments and approved by the AIEE Technical Program Committee for presentation at 
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Factors in Transmission Line Design ~ 
Related to Conductor Vibration 


E. L. KANOUSE 


MEMBER AIEE 


of years ago, the Los Angeles Department of Water and 
Power found that a span of cable, at a fixed tension 
between supports, could be made to vibrate in any whole 
number of loops of equal length simply by adjusting the 
wind velocity and its related air eddy frequency. ‘The 
vibration amplitude was constant when the air eddy fre- 
quency was close to the resonant frequency of the con- 
ductor; it contained a beat note which varied periodically 
if the air eddy frequency was 
midway between two resonant 
frequencies of the conductor. 
Since loops of various 
lengths were being obtained in 
the several tests, over-all am- 
plitude measurements made 
at the center of the loop were 
not in themselves representa- 
tive of the severity of bend- 
ing. It was necessary and 
convenient to express results 
in terms of the total angle 
through which the cable moved at the node point, calcu- 
lated by assuming that the vibrating cable takes the form 
of a sine wave. The equation relating total angle of 
bending, amplitude at the center of the loop, and loop 
length is easily derived, and may be expressed 


lie WIND TUNNEL experiments conducted a number 


clamps and 


@=0.262 A/L 


where 0=total angle of bending, in radians, A=over-all 
amplitude in inches at the center of the loop, and L=loop 
length in feet. Table I illustrates the conditions found 
in the case of one type of conductor tested. 

This and other tests in which the tension was varied 
showed that, as tension was increased, the range of wind 
velocities which produced vibrations at the various loop 
lengths also increased the severity of the bending. The 
data in Table I, taken from tests on a copper conductor, 
show that winds from 1.88 miles per hour up to 6 miles 
per hour can cause more bending in the cable if the tension 
is increased from 4,000 pounds to 6,000 pounds. Thus, 
higher tensions not only encourage higher frequency 
vibration and a greater number of fatigue cycles per unit 
time but also may result in more flexure of the cable on 
each cycle. Although the tests were not applied to a wide 
variety of conductors, nor to steel ground wires, other 


Essential text of a conference paper, “Factors in Transmission Line Design Related to 
Conductor Vibration,” recommended by the AIEE Committee on Transmission and 
Distribution and presented at the AIEE Fall General Meeting, Oklahoma City, Okla 

October 23-27, 1950. iS 


E. L. Kanouse is with the Department of Water and Power of the City of Los Angeles, 
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Vibration of conductors is an important factor 
in transmission line design. Just how important 
is the subject of this article, which describes the 
Los Angeles Department of Water and Power’s 
efforts to mitigate the effects of vibration by 
lessening line tension and improving design of 
splices, and actual operating 
experience with vibration in the Department’s 
line from Boulder Dam. 
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types of cables will likely show the same effects with tensior 
For this reason serious efforts have been made to keep ¢ 
tensions as low as practicable on all Department trag 


mission lines. 


EFFECT OF DESIGN TENSION ON COSTS 


AREFUL INVESTIGATION of the effects of conduct 
Ce tensions on the cost of steel tower transmission lij 
has indicated that there is no real justification for # 
higher line tensions, wh 
tower lines are designed fe 
broken wire  conditioy 
The method of investigati 
and the results obtained we 
reported at the recent Inter 
national Conference on Lz 
Electric High-Tension Sy 
tems. (CIGRE) in Paris.! 
summary of the finding 
would include the fact tha 
although high tensions perm 
lower or fewer towers, eat 
such tower must be appreciably heavier to withstand th 
unbalanced pulls imposed by broken wire condition 
This increased weight per tower adds steel costs whi 
more, than offset the cost of additional lighter towers th 
would be used with lower design tensions, even though th 
latter involves additional costs for footings, hardware, a 
insulators. | 


use of a 954,000-circular mil steel-reinforced aluminu 
cable in 1,100-foot spans at-a normal tension of 4,6 


of 10,000 pounds with ice and wind loading. The rat 
strength of the conductor is over 34,000 pounds, but 
uneconomical use of tower steel was discovered abe 
12,000 pounds maximum tension, and below 10,000 poun 
Of these two tensions, the lower was selected with vibrat 
considerations in mind. 

The use of higher conductor tensions is accompan 
not only by transmission line cost penalties but also 
increased vibration stresses and opportunities for vibrat 
fatigue. Vibration dampers and armor rods for prolon 
cable life can be a necessity under these circumstane 
but a necessity of unknown degree. The margin of safe 


ELECTRICAL ENGINEERI 


Table I. Wind Tunnel Vibration Test 


Wind 


Loop Frequency, Velocity, Total Angle 

Number Length, Cycles per Miles per of Bending, 
of Loops Feet Second Hour Radians 
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se devices afford in such a case is therefore somewhat 
eterminate. Relatively lower tensions will reduce 
costs and opportunities for vibration fatigue will be 
ened. It is possible that dampers or armor rods might 
be required, but they may be installed to provide a 
rgin of safety which, under the improved circumstances, 
y be a very material one. 

rmor rods and Stockbridge vibration dampers are 
ng installed at all supports on the Department’s new 
-kv line to provide this margin of safety. 

n the case of ground wires, it is usually necessary to 
intain a fixed minimum mid-span separation between 
se shield wires and the conductors. A choice of high 
sions and short ground-wire horns at the towers is 
e possibility, and low tensions with high ground-wire 
achment horns is another. Again, if tower economics is 
sidered, and if broken wire contingencies are included 
the design, lower ground-wire tensions will be favorable 
lower costs. Lower towers, and higher tensions, produce 
‘large or larger moments on the tower with the un- 
lanced pulls accompanying broken wires as will higher 
er attachments and lower tensions. 

On the Department’s Boulder Dam transmission lines 
2-inch extra-high-strength galvanized steel strand having 
reaking strength of in excess of 18,000 pounds is used for 
und wires on the single-circuit sections, and normal 
sion at 60 degrees Fahrenheit is 1,800 pounds. The 
-foot mid-span separation required between conductors 
d overhead wires made it necessary to attach the ground 
res to a point slightly more than 19 feet above the 
ulator string attachment point on the crossarm. 

The new 230-kv line now under construction is being 
ielded with the same extra-high-strength wire, and a 
yrmal tension of 2,100 pounds at 60 degrees Fahrenheit is 
ing used over the 245-mile length where single-circuit 
mstruction is employed. 

No vibration dampers have ever been installed on any 
erhead ground wires of the Department’s transmission 
1es, and to date there has been no reason to consider 
eir use. 


SUPPORTING AND SPLICING OF CONDUCTORS 


ESCRIPTIONS OF THE hardware for supporting the 1.4- 
) inch diameter 512,000-circular mil Hedernheim- 
pe copper conductor on the 287.5-kv transmission lines 
Hoover Dam have been furnished previously.2* In 
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brief, vibration tests showed the advantage of and necessity 
for careful design of the suspension clamps used with the 
conductor. All principal dimensions of the clamp parts 
were determined by special tests, including such things as 
location of trunnion points, saddle pivots, curvature of 
saddles in both directions, length of saddles, and the dimen- 
sions of the parts of the center wedge system. 

In the splices for the conductor, it was essential to design 
for light ‘weight and comparatively short length. The 
reason for this was that the splice in the conductor, by 
virtue of its additional weight, would establish a node 
point in the vibrating cable, and a light, concentrated 
weight would be more able to “rock”? and follow the 
frequency of vibration if its moment of inertia were kept 
as low as possible. This design reduced to a minimum 
the bending which would occur at the edge of the splice. 
Also highly important was the control of the shear diagram 
representing the wedge pressures of the splice on the cable. 
For long cable life the shear diagram should have a uniform 
taper from the edge of. the splice back into the body so 
that no initial high clamping action could occur on the 
conductor at the extreme edge of the splice. The same 
splice design was used at the strain towers, a threaded 
socket eye being used to dead-end the conductor by re- 
placing one of the two splicing sleeves normally used in 
making a line splice. 

In the case of the ground wire strain clamps a “‘ram’s 
horn” design was used, and as much of the clamp mass as 
possible was held close to the tower attachment point to 
reduce the moment of inertia and enable the strain clamp 
to ‘follow’ the convolutions of the cable. The suspension 
clamps were of the trunnion type to allow the free travel 
of vibration from one span to the next and minimize the - 
bending at the support. 


DETERMINATION OF PROBABLE CONDUCTOR LIFE 


od faeries ALL OF THE mechanical considerations were 
given due attention, the most important consideration 
was whether or not the cable would have a 50-year life 
in service. This period was chosen because it represented 
the life of the contract for energy from Hoover Dam. 

To gain some insight into the probable life of the con- 
ductor, long samples of the Hedernheim-type cable were 
vibrated to destruction in the laboratory, and the process 
was repeated numerous times, using smaller amplitudes of 
vibration for each successive test. By this means a vibra- 
tion intensity life curve was established. Simultaneously, 
records of the amplitude, frequency, and duration of 
cable vibration were made under actual field conditions 
of wind, using full-scale towers and 1,000-foot span lengths 
in locations having wind conditions most conducive to 
conductor vibration. It was believed that if field records 
of this type could be gathered for a period of time long 
enough to be representative of the wind conditions which 
would be experienced by the conductor for a period of 
several decades, the correlation of such records with the 
laboratory data would enable the life of the conductor 
under the actual wind conditions to be estimated fairly 
accurately. How this was done, and the results obtained, 
are thoroughly covered in a paper presented at the 1948 
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CIGRE meeting in Paris. However, a word about the 
results will be pertinent to the later discussion herein. 

It was found that, based on the manner in which the 
cable was vibrating in the wind over a 2-year period, the 
life of the conductor should be well over 50 years, with an 
ample safety factor. Amplitudes were such as to produce 
cable bending in very small amounts. Figures 1 and 2 
indicate the extent to which the results of these tests justified 
the conclusion. The top curve of each figure shows the 
relationship between the number of cycles required to 
produce failure in the laboratory and the corresponding 
amount of bending. The lower curves represent the 
number of cycles of vibration which can be expected, 
during an extrapolated 50-year period, to produce the 
indicated amounts of bending. The latter curves all 
lie well below the vibration intensity life curve established 
by the long sample life tests. The distance between the 
top curve and those below was great enough to provide a 
comfortable factor of safety against the vagaries of wind and 
the admittedly dubious risk of extrapolating the weather of 
2 years to 50 years. Vibration dampers were not felt to 
be actually needed in view of these comparisons. 

However, during the course of the vibration investigations 
a Department engineer, F. L. Goss, invented a low-cost 
torsional damper which proved to be effective in limiting 
vibration amplitudes on the Hedernheim conductor. 
These dampers were applied in locations which were 
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TOTAL CYCLES FOR GIVEN CURVATURE OR GREATER — 


Figure 1. Comparison between cycles of bending in the span required to 
in the field, extrapolated to co 
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regarded as particularly bad from a vibration standpoi 
not over 10 per cent of the line being thus equipped ini 
The patrolmen were instructed to report on any locati 
where vibration was noticeable, and through the yee 
additional dampers have been added one by one, thou 
some 85 per cent of the lines has never been protected 


hese dampers. 


OPERATING EXPERIENCES WITH CONDUCTOR 
VIBRATION 
HE INITIAL two circuits of the 287.5-kv Boulder tran 
mission lines of the Department were constructed 1 
years ago, and the third circuit has been in service for If 
years. During the last few years increasing numbers of 
reports have been coming in from the patrolmen thé 
certain sections of the lines appear to be vibrating mor 
No particular significance was attached to these repor 
because the men had been instructed to report on vibration 
which they observed. 
On November 4, 1949, patrolmen found the first segment 
breaks in the Hedernheim-type copper conductors of th 
line, on the most recent circuit to be erected. They were 
located between the torsional damper and a suspension 
clamp, being 14 inches from the damper. Examinatic 
of the cable, on removal, showed the marks of a come 
along near the break. It was concluded that the wire hae 
been damaged in erection, and that the damage 
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produce failure and cycles of bending in the span experienc 
ver a 50-year period 
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ortened the life of the cable at that point. Attention 
as focused on the cable by the occurrence, and on No- 
mber 6 another break was found, this time on one of the 
iginal circuits. The damage was out 50 feet from a 
buble-circuit tower, and here again the trouble was 
aced to the fact that this particular span had been one 
at had dropped when an adjacent tower washed out in 
e€ flood of 1938. The cable was obviously scarred around 


able Il. Segment Failures ftom Vibration on Boulder Trans- 
mission Line Hedernheim-Type Conductor 
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the break, and it was fairly certain that one of these scars 
had contributed to the early segment failure. These two 
cases of broken segments served further to make the patrol- 
men conscious of the conductor, and on December 5 the 
third case of cracked segments was found, this time at the 
edge of the wedge in the free-center suspension clamp. 

A detailed examination of the entire transmission line 
was undertaken following this development, and a total of 
nine points at which segment cracks had occurred was 
found after complete tower-by-tower and span-by-span 
inspection. The cases of trouble are shown in Table II. 

Measurements of vibration amplitudes at selected spots 
on the energized lines soon showed that vibration was 
being experienced far in excess of any ever measured in 
the initial two years of investigation. It was clear that 
some form of vibration inhibitor would be required, and 
a 180-foot section of conductor was cut out of the line 
near one of the towers where a segment break had occurred 
and was shipped to the Ryan Laboratory at Stanford 
University for tests to determine the best design for a 
damper to cope with the new conditions. 

Methods used by Dr. J. S. Carroll, director of the Ryan 
High Voltage Laboratory, for vibrating a test length of 
conductor and measuring the energy required to sustain 
vibration have already been reported.6 The Hedernheim- 
type conductor had been subjected to this type of measure- 
ment previously, and the energy required to vibrate the 
cable both with and without the Goss torsional damper 
had been measured and recorded. It was astonishing to 
find that the sample of cable, removed from the line after 
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15 years of service, required very much less energy to 
vibrate it than was required when it was new. Further, 
the torsional dampers were far less effective in controlling 
the vibration amplitudes than they were in the initial 
measurements with new cable. 

This development gave rise to three schools of thought 
on the subject of vibration and the possible causes for 


POWER REQUIRED TO VIBRATE IN WATTS 


fo) 0.1 2 0.3 0.4 0.5 0.6 
AMPLITUDE OF VIBRATION INCHES 
Figure 3. Vibration tests on 1.4-inch Hedernheim-type 


cable. Tension, 5,000 pounds; frequency, 11.6 cycles per sec- 
ond; cable length, 167 feet; number of loops, 12; no vibra- 
tion dampers 


7. Cable when new (1936 test). 2. Old cable (taken down after 15 

years’ line service) before brushing oil on cable. 3. Old cable 12 hours 

after being brushed with oil. 4. Old cable washed with cleaning solvent 3 
days after oiling 


increased vibration tendencies with age. One group of 
engineers was of the opinion that the friction between 
segments had lessened through the years, and that this 
lessened friction allowed the composite cable to vibrate 
more easily. Another group pointed out that the copper 
might have become changed in structure after 15 years of 
vibration. A third group of engineers, which included the 
top design men of the manufacturer of the cable, on being 
informed of the test results, analyzed the possible cause as 
increased friction between the segments, permitting the 
cable to vibrate more nearly like a tube. 

In an effort to determine the true cause for the change in 
vibration characteristics, a test was devised which could 
serve to rule out at least one of the three possibilities ad- 
vanced. This test consisted in taking a set of energy 
measurements required to vibrate the conductor as found, 
and then to brush the entire length of the cable with a 
light dynamo oil, leave the test setup intact overnight, 
and then repeat the energy measurements the following 
day. 
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This was done, and the energy measurements made 
the following morning showed that the lubrication |} 
greatly increased the amount of energy required to vib 
the cable, actually increasing it over that required wh 
new. Figure 3 gives the results of these tests. { 

As further corroboration, on fastening the torsio; 
dampers in place for a second test run on the oiled e¢ 
ductor, it was found that they were again as effective 
they had once been when the cable was new. 

It was thus clearly indicated that the cause of increase 
vibration tendencies, and the probable cause of brea 
was the fact that segment friction had increased in 1 
15 years of line operation, and this lack of ability for t 
segments to slip and absorb energy was reducing t 
amount of energy that could be absorbed by the cable wit 
a given amount of bending. Reduction of the amount 
energy that could thus be absorbed meant that a giv 
wind could produce larger amplitudes of vibration in th 
conductor. 

The effectiveness of the oil was indicated when effo 
were made to wash it out of the segments with a cleanii 
solvent. Only a very small change was noted, and # 
change was toward the higher energy range. 

Experiments with types of vibration dampers other thé 
torsional, which lose effectiveness with critical increase 
in friction between segments, have shown that the increasec 
vibration amplitudes observed in many locations on tt 
Boulder lines can be controlled readily. Dampers” 
either the Stockbridge or of the Swedish type are high 
effective in limiting amplitudes to low safe values. Ce 
tainly some type of effective vibration damper is needed 
if only to provide a margin of saféty against the universa 
phenomenon of conductor vibration. Through the us 
lower tensions and meticulous clamp design, an economi 
line was built which provided initially such excellen 
vibration characteristics that total application of damper 
was unnecessary. And this condition would probab 
have prevailed for the life of the line had the vibrati 
characteristics remained the same. The fact that thi 
phenomenon was not anticipated may have slightly delayet 
the application of appropriate dampers. In any ever 
it is believed that the installation of dampers as now 
posed will, even with the change of conductor characte 
tics, operate to maintain the original safety margin indicate 
in Figures 1 and 2. 

No vibration troubles of any kind have ever been & 
perienced on the 1/2-inch extra-high-strength steel stran 
used as ground wires on nearly all Department lines, an 
to date no vibration dampers have ever been installed. 
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NALOGUE COMPUTERS usually are considered 
to perform combinations of seven basic mathematical 
erations: addition, subtraction, multiplication, division, 
erentiation, integration, and function generation. This 
icle considers applications of a comparison operation 
ich consists of a comparison of two quantities followed 
one or more of the seven basic operations. 

Comparison operations, or operations involving logical 
ice, are familiar to digital computers. By addition 
the comparison operation to the repertoire of an analogue 
mputer the latter may be made to perform digital 
mputations. In a sense, an analogue computer so 
uipped is a more general instrument than its digital 
other. It is capable of manipulating either continuous 
discrete quantities. 

A high-speed relay, driven by a high-gain d-c amplifier, 
y be used to effect comparison operations in an electric 
alogue computer. Such a combination, here termed a 
ay amplifier, has been constructed to operate in less 
an 1 millisecond with an operating sensitivity (limited 
drift, hum, and noise) of a few millivolts. The relay 
plifiers are polarity sensitive in that only one polarity 
input voltage will operate the relay. The relay amplifier 


Symbol for a relay amplifier. Relay contacts connected 
as shown when the sum of the inputs is positive 
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High-Speed Relays in Electric Analogue Computers 


hw woe UTE ON 


OUTPUT 


Figure 3. Circuit 
for simulating a limit 
stop 


INPUT 
x 


INPUT 
x OUTPUT 


-a j +a 


then makes a comparison of its input (or sum of inputs) 
and zero. The relay contacts effect the subsequent 
computing operations. 

The symbol used here for a relay amplifier is shown in 
Figure 1. The relay armatures are in the position shown 
when the sum of the amplifier inputs is positive. The 
armatures switch to the opposite terminals when the sum 
of the amplifier inputs is negative. 

Figure 2 shows a relay amplifier and inverting ammaliten 
(an amplifier having a negative gain of unity) connected 
to form an output which is equal to the absolute value of 
the input, as shown graphically. The relay selects the 
input if it is positive, or the negative of the input if the input 
is negative. Generation of the absolute value is of course 
synonymous with full-wave rectification. 

In Figure 3 is shown an arrangement for limiting a 
variable. The output is equal to the input unless the 
value of the input exceeds a, in which case the output is 
kept at a by the relay. It is not necessary that a be a 
constant; if x and a are both variables this circuit selects 
the smaller of the two. 

The techniques illustrated may be extended to simulate 
any characteristic, single, or multivalued, which can be 
represented graphically by a combination of straight line 
segments. The methods of symbolic logic may be applied 
in systematizing the synthesis of such circuits. 


Digest of paper 51-291, ““The Use of High Speed Relays in Electric Analog Computers,” 
recommended by the AIEE Committee on Computing Devices and approved by the 
AIEE Technical Program Committee for presentation at the AIEE Pacific General 
Meeting, Portland, Oreg., August 20-23, 1951. Scheduled for publication in AIEE 
Transactions, volume 70, 1951. 
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A Static Magnetic Exciter for Synchronous 
Alternators ) 


H. F. STORM 


MEMBER AIEE 


lator is to keep the terminal voltage of the alternator 

constant at various loads. To achieve this end, the 
excitation of the alternator must be adapted to the alter- 
nator line current in magnitude and phase. It has been 
shown! that the line-to-neutral voltage drop AE equals 


On OF THE fundamental functions of a voltage regu- 


= —jX,1 (1) 


where X, is the synchronous reactance of the alternator and 
I is the line current. Equation 1 assumes a cylindrical 
rotor, no saturation, and no resistance of the armature 
winding. It is interesting to 
note that a typical alternator 
has a voltage drop AE in the 
vicinity of rated terminal volt- 
age when loaded with rated 
line current at zero power 
factor. This is a very large 
voltage drop by comparison 
with a d-c generator which 
has a typical regulation of 
only 4 per cent of rated ter- 
minal voltage. It follows that 
the excitation of an alterna- 
tor has to cover a relatively wide range. As a result, 
alternators usually require high-gain regulators which 
often pose stability problems. The excitation system de- 
scribed, however, avoids the need of a high-gain regulator 
by attempting inherent compensation for the voltage 
drop AE. To compensate for the voltage drop AE, the 
excitation is required to provide an inner (fictitious) volt- 
age E, 


E;=E,4jXsI (2) 


as shown in Figure 1. This inner voltage E, is proportional 
to the field (excitation) ampere turns J,N, 


E,=k(I,Ny) (3) 


where J, is the field current of the alternator, V, the number 
of field turns per pole, and is a factor involving a number of 
machine constants, such as number of turns in the a-c wind- 
ing, size of air gap, and so forth. 


Figure 1. Voltage 

vector diagram of an 

idealized alternator 

with cylindrical 
rotor 


By designing the basic exciter circuit of an alter- 
nator to make the machine as self-regulating as 
possible, and using the remaining deviations of 
output voltage to provide a correction signal to 
the exciter, the steady-state alternator voltage 
can easily be kept within +0.6 per cent. 
antihunt means are needed, transient response 
is rapid, and.a short circuit will not cause loss of 
excitation. 
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When saturation is present, or for an a-c winding whos 
resistance is not negligibly small, or when the alternatoi 
of the salient-pole type, deviations from equation 2 wil 
occur. To correct for these deviations, means are provic 
which are discussed later in the text. Nevertheless, equa 
tion 2 remains of fundamental importance for the compen 
sation of the alternator voltage drop AE. 


VOLTAGE-DROP COMPENSATION 


becky caer compensation is obtained by a field cu 
rent J, which is proportional to the magnitude of &, 
which in turn is determine 
by the terminal voltage E 
and the alternator alternatir 
current I as shown in Figure 1 

In Figure 2 is shown : 
3-phase alternator, connecte 
through three identical cur 
rent transformers CT to fl 
load. There are also 
identical, linear reactors X 
which are  interconnecté 
with the secondaries of 
current transformers to thre 
identical resistors R. These resistors symbolize the resist 
ance of the alternator field and it will be shown that t 
current through the resistors R is proportional to E,. 

Assuming a symmetrical 3-phase load, points 7 and 86 
Figure 2 will be at the same potential as the neutral 06 
the alternator. By connecting 7 and 8 to the neutral 0, no 
changes in the system currents will occur; the system, how 
ever, degenerates into three single-phase systems, Figure 3 
which are simpler to analyze. 

The current transformer CT of Figure 3 is shown by i 
equivalent circuit in Figure 4 when winding resistances and 
leakage reactances are neglected.?_ Resistor R is the samee 
shown in Figure 3 and X, is the magnetizing reactance 
the secondary of the current transformer CT. Denotir 
the turn ratio of primary to secondary turns 


N5/Ne=a) ( 


No 


the alternator current I when referred to the secondary 
the current transformer becomes I’ 


I'=al 


Essentially full text of paper 51-196, “Static Magnetic Exciter for Synchronous All 
pay Tecommended by the AIEE Committee on Power Generation and approved 
the E Technical Program Committee for presentation at the AIEE Summer Ger 


Meeting, Toronto, Ontario, Canada, June 25-29, 1951. Scheduled for publicatior 
AIEE Transactions, volume 70, 1951. 
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igure 2. Three-phase network to reconstruct the internal alter- 
. nator voltage E; 


Be 
‘ao Ad > TO LOAD 
I CT 


ALTERNATOR 


gure 3. Single-phase portion of the 3-phase network of Figure 2 


The equivalent circuit of Figure 3 is now shown in Figure 

The quantity to be determined is the current I, which 

ill appear finally to be proportional to the field current I. 

Acting in the circuit are the terminal voltage E, and the 

eferred alternator current aI. Accordingly, the current 

z can be seen to consist of two components of which I, , is 
erived solely from E,, and I, is derived solely from I 


2=Ip,etTp,: (6) 


Determination of Iz. Assume I=0 and apply Thévenin’s 
heorem:* with R disconnected, the terminal voltage Eo 
etween 2 and 0 is 


(7) 


The source impedance X, as seen from the terminals 2-0, 
s equal to X; and XX; in parallel 


EL (8) 
Xi +X 


The current I, , becomes 


rr | (9) 
(3) 


nd substituting from equation 7 


Xe 1 
EB BY a/ RO4X? ie 


1= —arctanX/R (11) 


he angle 6; is the angle from E, to I, , (Figure 6). 
Determination of I,,,. Next, assume E,=0 


9S eae 
| G/R+0G%) "| RB 
| IX 


R= al (12) 


ind 
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x 
In, = 4 S—— / 


(13) 
a/ RX? 
62=arctanR/X (14) 
The angle @, is from I to I, ;. 
It follows from equations 11 and 14 
a= +- (15) 


If the current I is lagging the terminal voltage E, by an 
angle @ (Figure 1), the angle between iX,I and E, equals 


a= = (16) 


Let us now determine the corresponding angle 8 between 


[,,,and I,,. Ifthe line current I lags ¢ radians behind E,, 

[,,, lags behind E, by the angle 0.’ 

= b=ht>—4 (17) 

The angle 8 between I, , and I, , (Figure 6) becomes 

B=0:'—0="—¢ (18) 
This proves that 

a=B (19) 


which is a necessary condition for the similarity of the tri- 
angles OAB and OCD (Figure 6). 


Figure 4. Equivalent cir- 

cuit for idealized current 

transformer CT of 
Figure 3 


Figure 5. Equivalent cir- 
cuit for the single-phase 
network of Figure 3 


Figure 6. Vector dia- 
gram of currents ob- 
tained from the 
single-phase circuit 
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Figure 7 (left). Sche- 
matic of a saturable cur- 
rent transformer 


ALTERNATOR 


LOAD 


Figure 8. Circuit of static exciter, including correction circuit 


By proper selection of X;, X2, and a, the ratio of I, ,/Ip,z 
can be made identical to the ratio X,I/E,; hence the vector 
diagram OAB becomes similar to OCD. The resultant 
current I,, equation 6, will therefore be proportional to the 
required excitation at any terminal voltage and at any load. 
By rectifying the current J,, the alternator field current J, is 
obtained. 


CORRECTION CIRCUIT 


i] ewe FIELD current J, will compensate for most of the 
inherent alternator voltage drop, equation 1, but does 
not produce a perfect compensation for the drop, because 
an actual alternator deviates to some extent from the as- 
sumptions previously made; furthermore, the alternator 
field resistance is subject to variation due to temperature 
changes, which also will affect the alternator terminal volt- 
age. To obtain the desirable high degree of alternator 
voltage constancy, a correction consisting of a voltage- 
sensitive circuit is superposed on the excitation system.4 
This correction circuit modifies the magnitude of the cur- 
rent I, and, hence, the field current J,. Because the exci- 
tation system (without correction) makes the alternator 
nearly self-regulating, only a small amount of gain is now 
necessary for the superposed correction circuit. As a result 
of this low gain, antihunt means are not necessary. 

The magnitude of J, is determined trigonometrically 
from equations 6, 10, and 13. 

X? 


1? = EP OX 


RXE Xe KEXP ies 


(20) 
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It will be observed that I, varies with X_. By applyir 
d-c ampere turns to the current transformer C’7 of Figure: 
and 3, saturation can be effected in the cores, resulting ir 
change of X, and subsequently a change of I. 

A schematic diagram of such a transformer, called a satu 
rable current transformer and designated by S-C’7, is show 
in Figure 7. A 3-legged core structure is used. The pri 
mary a-c windings are between terminals %;, X2, and th 
secondary a-c windings are between terminals Hi, H 
The d-c control winding with its terminals F;, F2 is wount 
around the center leg. Because of the polarities of th 
windings, the a-c fluxes of fundamental frequency an 
higher, odd harmonics circulate between the outer le 
and no voltage of fundamental or odd frequency is induc 
in the control winding.’ A group of three such saturabl 
current transformers is shown in Figure 8. 

The excitation circuit, including the saturable curren’ 
transformers, is shown in Figure 8. Instead of havin; 
points 4, 5, and 6 connected to the resistors R (Figure 2). 
they are now connected to a 3-phase bridge rectifier 1RHC 
which energizes the field of the alternator. The contre 
windings of the saturable current transformers are con 
nected in series and terminate at 14 and 15. 

To superpose corrective action on the excitation system 
the control windings of the saturable current transform: 
are energized from a nonlinear resonant circuit.® 
single-phase voltage for the energization of this circuit m 
be taken directly from one phase of the alternator, or it m 
be obtained from a circuit which produces the gages volt-_ 
age of the three phases of the alternator. - | 

The nonlinear circuit consists essentially of a capaci é 7 
an iron-core reactor L, and a rectifier 2REC which energiz 
the control windings of the saturable current transformers. _ 


k Figure 9. Current I, 
of correction circu 
A asa function of alter- 
nator terminal volt: 
age E 
o- E 


Figure 10. Alternator is suddenly loaded with one-half of rated 
current at a power factor of 0.4 inductive 
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> 


; 


Figure 11. Same loading as in Figure 10. Oscillogram is taken 
with suppressed zero line to amplify details 


Figure 12. Alternator suddenly loses its load, which consisted of 
one-half of rated current at a power factor of 0.4 inductive 


The current flowing in this nonlinear circuit is shown in 
Figure 9 as a function of the applied voltage. In the vi- 
cinity of A, which is the operating region, a small change in 
the alternator voltage E causes a very large variation in the 
current J, If, for instance, the alternator voltage E in- 
creases, the current J, in the nonlinear circuit rises sharply. 
This produces additional saturation in the saturable current 
transformers, resulting in a reduction of X2, and hence in 
the desired reduction of field current J,, equation 20. In 
cases where the power output of this nonlinear circuit is not 
sufficient for its direct application to the saturable current 
transformers, a suitable magnetic amplifier may be inter- 
posed for this purpose. 


PERFORMANCE 


JHE DESCRIBED static exciter has been tested on a salient- 
pole alternator of the following description: 3-phase; 
frequency, 420 cycles per second; line-to-line voltage, 220 
volts; rated current, 730 amperes; power factor, 0.8 induc- 
tive; synchronous reactance, 0.89 per unit; leakage react- 
ance, 0.22 per unit; open circuit field time constant, 0.25 
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second; field current for rated alternator current, 80 am- 
peres; field resistance at 25 degrees centigrade, 0.805 ohm, 
at 90 degrees centigrade, 1.03 ohms; air gap, 0.091 inch; 
speed 1,800 rpm. 

Significant for the performance of a voltage regulator are: 
steady-state regulation accuracy; transient response; and 
alternator current during short circuits. 


Steady-State Regulation Accuracy. ‘The voltage drop of the 


alternator is shown in Table I. 


Transient Response. ‘The transient response of the system 
is demonstrated by the oscillograms shown in Figures 10 to 
13. Figure 10 shows the generator voltage and the field 
current when the alternator is suddenly called on to provide 
half its rated load current at a power factor of 0.4 inductive. 
To observe more accurately the alternator voltage, the 
same transient was repeated by using a suppressed zero 
line’ for the alternator voltage (Figure 11). It will be seen 
that on application of the load the alternator voltage rapidly 
recovers and then approaches its sustained value in a highly 
damped manner. For instance, only 310 milliseconds after 
the inception of the load, the alternator voltage is already 
within +1 per cent of the final sustained value. Figure 12 
shows the case where the previous load was suddenly re- 
moved. Here, the recovery to within +1 per cent occurs 
after only 130 milliseconds. 


Short Circuit. Another feature of this exciter system con- 
sists in its ability to maintain excitation under short-circuit 
conditions. This feature is important for the selective trip- 
ping of protecting devices. An oscillogram of a short- 
circuit test is shown in Figure 13; it will be observed that the 


Table I. Steady-State Regulation Accuracy 


Alternator Load 


Current Referred Power Factor 


to Rated Current, Inductive, Voltage Drop, 
Type of Load Per Unit Per Unit Per Cent 
Three-phase...... ats herve ce hea Olgas mitts sisi eae O75 alee eer 0.2 
Three-phases? . fs.0 a2 seen des AE cee 's Soke ieee oe ONG oes Sie ase ate Tez 
Mhree-phiane oh... .. eee me OL5t. 22 Pees OL oe bs ae hes cartes 0.5 
Single-phase: 3)g.)..: ss aes UL) ie ee a eae, EET Re Aa, SAR + —0.13 


Tartans tethagy TEVETUREATATET ET ETT ONT: 
SESS TEE 
48v 


- thie Ea he ae 
GENERATOR VOLTAGE 


Vetere eeesehy 


Figure 13. Oscillogram of short-circuit test 
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» Figure 14. A-c 
components of the 
excitation system 
showing power sup- 
ply transformer 
(top), three linear 
reactors X, below, 
and at the bottom 
three saturable cur- 
rent transformers 
s-CT 


alternator current increases to almost four times its rated 
value. 

At the point of measurement, the alternator voltage did 
not quite reach zero because of the impedance in the cables 
to the short-circuiting circuit breaker. This residual alter- 
nator voltage, however, is only coincidental and has no bear- 
ing on the basic performance of the system. 

The a-c components of the excitation system are shown 
in Figure 14. | 
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OLAR RELAYS have 

been used since the early 

days of telegraphy for 
the direct reception of line 
signals and also as repeat- 
ing devices for feeding other 
lines or equipment. They 
have been subject to periodic 
improvement in design and_ performance. Generally 
speaking, the widely used polar relays some years ago 


——_——— 
Full text of paper 51-238, “An Improved Polar Telegraph Relay,” recommended by 
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A new attack on the relay design problem has 
led to improved long-term dependability, main- 
tenance-free life, and reduction in size and cost. 
A novel armature and contact mounting design 
provides better transmission performance than 
that of any other relay now in large-scale use. 
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NOMENCLATURE 


a=turn ratio 
E,=inner (fictitious) line-to-neutral voltage of the alternator, volts 
E, =line-to-neutral terminal voltage of the alternator, volts 
AE=line-to-neutral terminal voltage drop of the alternator, volts 
[=alternator load current, amperes 
I,=current in correction circuit, average amperes 
I,=alternator field current, amperes : 
J’ =alternator load current, referred to secondary of current tran: 
former, amperes 
Ip=current in resistor R, amperes 
f=/—-1 
M,,N;=number of turns of primary and secondary, respectively, « 
current transformer 
N;=number of turns per pole of alternator field 
R=resistance in a-c exciter circuit, representing resistance of al 
nator field, ohms 
X,=reactance of linear reactors, ohms 
X,=secondary magnetizing reactance of current transformers, ohms 
X=reactance of X; and X2 in parallel, ohms 
X,=synchronous reactance of alternator, ohms 
$= phase angle between E; and J, radians 
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attained transmission 
ciencies which left little 
bedesired. However, furthe 
attack on the relay desig 
problem toward the goal ¢ 
improvement in dependabi 
ity, increase of maintenance 
free life, and substantial 
duction in size and cost have led to the development of 
new polar relay which promises to have important appl 
cations. 

Even though tremendous advances have been made 
the development of electronic devices, the relay continu 
to play an important role in the operation of mode: 
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elegraph systems. The relay can perform many functions 
etter and more economically than the electron tube. In 
act, some functions are difficult to perform electronically, 
articularly where isolation between circuits is required. 
dence, the use of relays is increasing not only in the 
elegraph company but also in many other organizations. 

| Polar relays are more sensitive than neutral relays 
sometimes called single-current relays) and are funda- 
nentally different in operation in that the movement of 
€ armature depends upon the direction of the operating 
urrent. In the polar relay two magnetic paths for the 
nagnetic fluxes must be provided: one for the flux pro- 
luced by a permanent magnet and the other for the flux 
produced by the operating current. These paths usually 
re not entirely separate, in that some portions of the 
magnetic circuit are common to both paths. The path 
or the flux from the permanent magnet is arranged in the 
orm of a bridge or a similar balanced configuration with 
espect to the armature so that a center position of the 
rmature exists at which the forces due to the permanent 
magnet flux in two sides of the bridge cancel. A slight 
movement of the armature from this center position results 
the magnetic forces being unbalanced, the resulting 
orce on the armature acting in the same direction that 
he armature is moved from the center position. This 
motion is limited by contacts disposed on opposite sides of 
he center position, and ordinarily the armature will rest 
mn either contact to which it is moved. The force with 
hich the armature rests upon the contacts is called banking 
nd is usually measured by the amount of energization in 
he operating winding required to move the armature from 
ne position to the other. 

The path for the flux produced by the operating current 
s disposed in the bridge in such a manner that the magnetic 
orces on the armature are unbalanced when operating flux 
cists. An operating current in one direction unbalances 
he forces in the bridge in one direction, and current in the 
bpposite direction unbalances the forces in the opposite 
lirection, so that the armature movement depends upon 
he direction of the operating current. This action of the 
perating current in unbalancing a magnetic bridge’ in 
hich the permanent magnet flux is many times larger 
han the operating flux results in the polar relay being 
more sensitive than the neutral relay. The magnitude 
Mf the pull acting on the armature is approximately pro- 
bortional to the product of the polarizing flux and the 
lux generated by the operating current in a polar relay 
nd to the square of the operating flux in a neutral relay, 
hich shows why a high polarizing intensity is effective 
producing a highly sensitive polar relay as compared to 
| neutral relay. However, a practical limit exists in the 
polarizing intensity that can be employed since magnetic 
aturation of any part of the operating flux path will 
leduce the effectiveness of the operating current in generat- 


MAGNETIC CIRCUITS 


ry Ficure 1 (A)-(H) are shown schematic diagrams of 
A the magnetic circuits of a number of different types of 
lays. The permanent magnet and its flux paths are 
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shown in heavy outline and the operating magnetic sections 
and flux paths in light outline. These diagrams are 
intended to show only the arrangement of the magnetic 
circuits and not the relative dimensions or arrangement of 
the mechanical parts. 

Figure 1(A) is representative of the early European relays 
such as the Siemens. The magnetic circuit of the Wheat- 
stone relay which was used extensively in telegraphy for 
many years is shown in Figure 1(B). Actually the two 
armatures are carried on a pivoted spindle which also 
carries the relay tongue. This relay was replaced in 
practically all Western Union services by the 77-type, 
which has remained the standard of reliable and rugged 
performance for many years. The magnetic circuit of the 
17-type shown in Figure 1(C) is only slightly different from 
the circuit of Figure 1(A), but due to a superior arrange- 


sretenstete: 


— 
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Figure 1. Some typical magnetic circuits as used in polar relays 
ment of magnetic parts, materials, and so forth, produces 
a relay of superior performance. In Figure 1(D) is shown 
a type of magnetic circuit which has been used extensively 
in the United States and abroad. An example is the 
British Carpenter relay. Modifications of Figure 1(D) 
as shown in Figure 1(E) and (F) have been used extensively, 
particularly in the United States. The Western Electric 
215, using a spring-mounted armature, and the Western 
Union 3/-type, having a pivot-mounted armature, are 
examples of relays using the circuit of Figure 1(F). It will 
be noticed that in all of these circuits the path of the flux 
generated by the operating current does not include the 
permanent magnet which has high reluctance and is not 
a suitable material for carrying the flux generated by the 
operating current. Each of these magnetic circuits has 
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some advantages and disadvantages, but all are suitable 
for use in efficient polar relays. An example of an in- 


efficient circuit is shown in Figure 1(G) in which the path 
of the operating flux includes the permanent magnet. 
Typical relays which have been used extensively in telegraph 


Figure 2. Typical polar relays in common use 


practice are shown in Figure 2. These are the early 
Wheatstone, the Western Electric 275, and the Western 
Union 77-type. 

Relays have been the subject of periodic, if not con- 
tinuous, development effort to produce a cheaper, better, 
and more compact instrument. The result of a recent 
design effort, which sought to produce an inexpensive 
relay with a long period of maintenance-free life, is a relay 
of greatly improved characteristics. 

In Figure 3 are shown two prototype models of this relay, 
which has been coded type 202-A, and a book of matches 
for comparison of size. ‘The small size and simplicity of 
construction are of increasing importance 
in the design of the modern telegraph re- 
lay. ‘These considerations result in the 
use of a minimum number of parts and 
the elimination of all unnecessary adjust- 
ments, particularly those for use while 
the relay is in service. A base with 
provision for 11 connections has been 
standardized for these relays. 


CONSTRUCTION OF 
RELAY 


THE 202-TYPE 


HE MAGNETIC circuit used in this re- 

lay is shown in Figure 1(H). The 
major components are shown in Figure 
4. The mounting is a single plastic mold- 
ing which carries most of the relay com- 
ponents on the front and a permanent 
magnet in a depression on the back. The 
operating magnetic circuit is simply eight U-shaped lami- 
nations, 0.014 inch thick, with outside dimensions 11/, by 
1°/ inches, driving a bar armature 1/8 inch square by 
11/; inches long, which carries a standard tungsten carbide 
contact at each end. The mating tungsten carbide con- 
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tacts are supported by a rigid spring so that the contae 
spacing can be varied without rotation of the movabl 
contact, thus preserving the same surface alignment for all 
contact spacing adjustments. High magnetic efficiency 
obtained by a tightly closed path to the armature for the 
flux produced by the operating current. 
The permanent magnet is held in position 
by its own attractive pull to the center of 
the U-shaped laminations and the 
shoe used to distribute the polarizing 
through the relay structure. The path of 
the polarizing flux, Figure 1(H), is sueh 
as to exclude most of the length of th 
armature, thus leaving the armature 

to carry mostly flux produced by 
operating current. Because of the in 
creased magnetic efficiency, the coils 
occupy smaller space and require fewer 
turns for normal operating conditions 
than in previous relays. The coils 
suitable for winding by modern mass pro- 
duction methods, and are merely slippe 
over the ends of the laminations in mu 
the same manner as in an inexpensi 
commercial transformer. 

Two methods of supporting the armature have beta 
developed as shown by the two models in Figure 3. In the 
relay to the right the armature is held in position in 
degrees of freedom by magnetic forces supplied by 
permanent magnet; that is, the armature maintains its 
endwise and vertical positions by maintaining a balance in: 
the permanent magnet field between the pole shoe and the 
ends of the laminations. The restraining force to the t 
degree of freedom is a tungsten carbide post, set in 
molding, about which the armature rocks while in opera= 
tion. Since the air gaps between the laminations 


Figure 3. Prototype models of the 202-A type relay 


armature are small as compared to the air gap betwe 
the pole shoe and armature, the armature is held with cone 
siderable force upon the post. A thin flat tungsten carbi 
plate is fastened to the armature at the fulcrum to for 
practically a frictionless rolling surface on the tungst 
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arbide post: The usual jewel bearings 
nd closely fitting pivots which frequently 
re a source of trouble are not required. 
his construction produces a relay in 
hich the armature is balanced with re- 
ect to the pull of gravity as well as mag- 
etically, and permits the relay to be 
ounted in any position without the 
eight of the armature producing bias. 
Another method of mounting the arm- 
ture is shown by the relay to the left in 
igure 3 in which the armature is sup- 
orted by a spring fastened at right 
ngles to the armature, resulting in a 
ombination of mechanical and magnetic 
ositioning of the armature. The spring 
ipports the armature by longitudinal 
nsion in the spring and hence can be 
esigned for small stiffness if required for 
me applications. This supporting 
eans results in a small longitudinal 
otion of the armature as well as the 
sual rocking motion in opening and 
losing the contacts. ‘This construction produces a relay 
bstantially free of bounce, since energy which must 
€ dissipated to arrest the motion of the armature is ab- 
rbed in sliding friction at the contacts. Other com- 
only used spring devices for producing bounce-free op- 
ration almost universally show deleterious resonance ef- 
cts in the operating range or else are of such light con- 
truction as to be impractical for reliable telegraph 
urposes. This relay, employing but a single spring for 
ounting and to implement the bounce-absorbing §prin- 
iple, is quite free of the ill effects of mechanical reso- 
ance even with the relatively heavy contacts and large 
ontact spacing used in Western Union practice to mini- 
nize the need for attention. In addition, spring-mount- 
g permits the relay to be designed for lower bank- 
currents, or as a 3-position relay by the use of various 


is 


egrees of spring stiffness. 

The 202-type relay can be adjusted quickly and easily 
meet a specified performance. There are no critical 
djustments involved; however, the air gaps between the 
minations and pole shoe should be correct within about 
0.002 inch. The pole shoe is fixed in position when the 
lay is assembled. The resulting air gap between the 
rmature and pole shoe is not critical in value and need 
et be changed during the life of the relay. 


CHARACTERISTICS 


N WesTERN Union practice, the provision of the highest 
attainable sensitivity in a polar relay is usually of 
condary importance since operating currents are rarely 
s than 10 milliamperes. The operating current for most 
pplications is 35 milliamperes or more. Silicon steel 
minations and soft iron armatures give satisfactory 
sults in this respect. Greater sensitivity can be had by 
use of alloy magnetic materials, particularly in the 
ing-mounted type where the banking current can be 
duced to as low a.value as is desirable by the application 
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Figure 4, The functional components of the 202-A type relay 


of a spring of appropriate stiffness. Of greater importance 
is a relay having a period of maintenance-free life in which 
adjustments are required at infrequent intervals only. 
These requirements have led to the general application of 
relatively large tungsten carbide contacts, about 3/16 inch 
in diameter, with a minimum spacing between contacts of 
0.006 inch. The use of such heavy contacts and large 
travel distance make bounce-free operation difficult of 
attainment. However, due to a high natural resonance 
frequency of the armature, at most only a single relatively 
short bounce occurs in the pivot-mounted type. In the 
spring-supported type, bounce is virtually nonexistent at 
telegraph speed. Examination of the contacts, after many 
months of operation in high-speed circuits, generally shows 
the contact surfaces to be free of pits and material transfer. 
They usually have a somewhat polished appearance due 
to the slight sliding motion in the spring-mounted type 
and a tendency to move about slightly in the pivot-mounted 
type. 

Due to the increased magnetic efficiency mentioned 
above, fewer turns are required on the coils than in the 
17-type relay, thus producing a relay of somewhat better 
characteristics at a lower impedance and much reduced 
size. The main line windings have been standardized at 
2,800 turns which compares to 4,000 turns for the 77-type 
relay. The corresponding d-c resistances and inductances 
are 140 ohms: and 0.45 henry for the 202-type, which 
compare with 290 ohms and 0.85 henry for the 7/7-type. 
The a-c resistances at 60 cycles are 150 ohms for the 202- 
type and 340 ohms for the 77-type, an increase of about 
7 per cent and 15 per cent respectively over the d-c values. 
The auxiliary windings have similar ratios. 

Some details of the performance of the pivot type with 
silicon steel laminations and soft iron armatures are given 
in Figures 5, 6, 7, and 8. It will be noticed that in all 
respects the performance of the 202-type is superior to that 
of the 77-type. In Figure 5 is shown the relation between 
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travel distance of the armature at the contacts and banking 
expressed in ampere turns, which is also an inverse measure 
of the sensitivity. Curves are plotted for three polarizing 


intensities in the 202-type, the standard value being 2,800 


‘maxwells. As explained above, the sensitivity can be 
further increased by the provision of appropriate stiffness 
of the spring in the spring-mounted type, due consideration 
being given to the maintenance of sufficient contact pressure 
for a particular application. These curves then are typical 
of the minimum sensitivity available in the 202-type relay. 

_ The transit time (break-to-make) varies with the travel 
distance, the ampere-turn energization, and the waveshape 
of the operating current. The relation between travel 
distance and transit time for normal energization and 
square-wave signals is shown in Figure 6. The relation 
between energization and transit time for the standard 
travel distance of 0.006 inch is of the form shown in Figure 7. 

Tungsten carbide has a higher contact resistance, par- 
ticularly at low pressure, than other commonly used 
contact materials. It is important then that a relatively 
high contact pressure be. maintained for all operating 
practices, a condition which is easily complied with in the 
202 and 77 types of relay. The relation between energiza- 
tion and contact pressure is shown in Figure 8. 
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Figure 5. Relation between travel distance and banking 
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Figure 6. Relation between travel distance and transit time 
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Figure 7. Relation between energization and transit time 
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Figure 8. Relation between energization and contact pressw 


The performance of this new relay, as indicated b 
prototype models, exceeds that of any previous relays ¢ 
similar characteristics. Indications are that its cost v 
be small as compared to that of any existing relay of lik 
ruggedness, dependability, and performance character 
tics. Tests under actual working conditions in hig 
speed circuits have been entirely satisfactory, the resul 
indicating that these relays will perform nearly a billi 
Operations before readjustment becomes necessary. 
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) ‘HE TRACY PUMPING PLANT, now being com- 
+ pleted, is located on the Delta-Mendota Canal near 
yacy, Calif. It is one of a series of works to provide 
} adequate supply of water to the lower San Joaquin 
alley from the Sacramento-San Joaquin Delta. At one 
ne a considerable acreage in this area was placed under 
tivation by irrigation. Much of this irrigation was 
bm wells which in time lowered the water table, depleted 
pplies, and in some cases necessitated abandonment of 
tivation. Diversion of water by the Friant Dam to the 
pper San Joaquin has further reduced supplies available 
the lower valley. 

The water pumped by the Tracy Pumping Plant will be 
ied by the Delta-Mendota Canal to the Mendota Pool 
d will be used to replace the depleted supplies in the 
er valley and provide for placing additional areas under 
tivation. 

The installation in the Tracy Pumping Plant will consist 
six pumps having a combined output of 4,600 cubic feet 
second under total dynamic head of 197 feet. Each 
mp is driven by a synchronous motor. When irriga- 
on facilities are fully developed, the maximum demand 
r water will occur in July and is expected to be about 
250 cubic feet per second. The minimum demand, in 
ecember, will be about 500 cubic feet per second. To 
aeet this varying demand it is expected that all six pumps 
ill be operated in July and part of August, tapering 
own to one pump during December and January, and 
ncreasing to five pumps during April, May, and June. 

The pumping plant is of the semioutdoor type having a 
main gantry crane mounted on the roof deck. The build- 
g is a reinforced concrete structure with a timber pile 
bundation. It has an over-all length of 362 feet and 
idth of 92 eet. It rises approximately 90 feet above its 
jundations. The plant may be divided into two main 
arts, the main pumping unit portion and the service bay. 

Immediately adjacent to the Tracy Pumping Plant is 
ae Tracy switchyard and synchronous condenser station. 
ower will be supplied from this yard at motor voltage for 
ae operation of the pumping plant. The main motor 
ircuit breakers are located in the switchyard. Cables lead 
om these circuit breakers through a tunnel to the main 
ump motors, an average cable run of approximately 
4000 feet. 

The main pumps are of the vertical-shaft, single-impeller, 
ngle-suction, centrifugal type rated 767 cubic feet per 
scond at a total dynamic head of 197 feet. The pump 
rive motors are of the synchronous, vertical-shaft type 
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having a thrust and upper guide bearing located above 
the rotor and a guide bearing below the rotor. A direct- 
connected main exciter is located above the thrust bearing. 
The motors are rated 22,500 horsepower, 13,600 volts, 
0.95 power factor, 3-phase, 60-cycle, 180 rpm. The 
motors are provided with voltage regulators of the rotating- 
amplifier type. The pumping units are designed to be 
operated as synchronous condensers with the pump 
operating in air. 

Control and indication of unit operation are provided 
at the unit control boards on the pump floor. Limited 
control is provided also in the switchyard control building. 
The main control system includes voltage regulation, power 
factor, and equipment protection. 

Each pump discharges through a butterfly valve, beyond 
which the six discharge pipes join in pairs to form three 
main discharge lines. These discharge through a siphon 
structure into the canal. The siphons are equipped with 
siphon breakers to prevent reverse flow following shutdown 
of the last of a pair of pumps. 

Normal starting is at full voltage with the valve in the 
pump-discharge line closed and water in the pump. 
Normal shutdown is accomplished by first closing the 
discharge valve, thus preventing return flow. Emergency 
shutdown will be accompanied by reverse flow and reverse 
unit rotation. Although emergency shutdown initiates 
valve closure, maximum reverse speed will be attained 
before the valve closes which will be sufficient to restrict 
flow. 

An interesting feature of the plant is the provision for 
removing pump parts without disassembly of the motor. 
This is accomplished by means of a combination pump 
gallery crane and hydraulic jacking frame which travels 
transversely of the plant on rails provided on the pump 
floor of each main unit bay. The jacking frame is capable 
of picking up the entire weight of the rotating parts of a 
pump, permitting uncoupling of the pump shaft from the 
motor shaft. The rotating parts of the pump then are 
removed individually. The pump gallery gantry crane 
removes these parts to the outside of the building from 
which point they are rehandled by the main gantry crane. 
The main gantry crane is used also to move the pump gal- 
lery crane from one pump bay to another. This method 
of removing pump parts will result in a considerable saving 
in the time required for pump maintenance, since it is 
expected the pumps will require disassembly for main- 
tenance more often than the motors. 

Water lifted by the plant will be conveyed by the Delta- 
Mendota canal in a southerly direction for approximately 
From this point, it will 
be distributed to approximately 1,000,000 acres of land, 
supplementing irrigation to half of the area, the other half 
being new land brought under irrigation. 
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ESTERN UNION has 
Wire in operation for 

several years a num- 
ber of microwave repeater 
circuits carrying telegraph 
traffic over paths several 
hundred miles long. These 
have proved very satisfac- 
tory and much has been 
learned and written about them.!~* It is foreseen that, 
in the extension of these circuits into a nation-wide 
radio beam network, there would be a definite need for a 
means to tie in and drop out blocks of traffic to localities 
off the main trunk route. Also, there are adjacent lo- 
calities where telegraph traffic is sufficiently heavy or 
intervening terrain makes maintenance of cable circuits 
costly enough to warrant the installation of a single- 
hop microwave circuit. 

For such short-range operation the equipment can be 
greatly simplified, eliminating such complexities as repeater 
relays, diversity receivers, and fault-locating circuits. In 
addition the use of relatively simple, low-cost channelizing 
techniques is possible. When this project was initiated 
in the early part of 1948, a study of different modulation 
systems® indicated that a pulse amplitude-modulated 
(PAM) multiplex terminal—which frequency modulates 
a radio frequency carrier—is a satisfactory combination 
for this type of service. These factors prompted the 
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Figure 1. Front 
and rear views of 


minal equipment 
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This pulse amplitude-modulated system was 

developed to fulfill the need for a short-haul 

low-cost communications link having a moderate 

traffic capacity. For this short-range operation, 

the microwave equipment has been simplified 

by eliminating many of the refinements neces- 
sary for trunk-line operation. 


the microwave ter- - 
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development of a short 
range microwave relay wi 
time division multiplex, ' 
radio has a high-quality 

kc modulation band which j 
subdivided by the time di 
vision equipment to provid 
eight 3,000-cycle voice bands 
These voice bands are sui 
able for carrier telegraph, telephone, or facsimile op 
tion and can accommodate as many as 160 duplex 
printer circuits. 


THE MICROWAVE EQUIPMENT 


| eka 1 sHows the complete radio transmitter at 
receiver consisting of four panels: transmitter, re 
ceiver radio-frequency chassis, receiver intermediate- ane 
video-frequency chassis, and a power supply. The p 
requirement is only 285 watts from a 115-volt a-c lim 
Line voltage stabilizers are not required, as all the high 
voltage supplies include regulator circuits. 
Each chassis has a cover panel. which may be remoyei 
easily, giving access to various voltage regulator and 
controls. The meters and operating controls are mount 
on hinged subpanels and protrude through holes in 
cover panels. Although the equipment has been simplifiee 
to very nearly a practical minimum, extensive metering 
has been provided to facilitate maintenance. _ q 
The 2K56 reflex klystron was chosen for both transmittt 
oscillator and receiver local oscillator. This tube req 
a beam voltage of only 300 volts at 30 milliamperes, keeping 
power supply size to a minimum. Its 200-milliwa 
output in the range from 3,900 to 4,400 megacycles 
probe-coupled into waveguide for efficient transmission 
the antenna. A disc-dipole antenna with a 30-in 
parabolic reflector, having a gain of 28 decibels, has prov 
satisfactory for optical paths of 20 miles. , 
The klystron is frequency-modulated by applying 1 
intelligence signal to the repeller. The repeller voltag 
klystron cavity tuning, and waveguide matching stub mi 
be adjusted for maximum power output as indicated by 
crystal detector coupled into the waveguide. 
A small amount of the energy in the waveguide 
coupled into two variable-tuned cavities which form 
microwave discriminator. The d-c output from this 
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cathodes of three switching tubes 
V 32, V,16, and V,8, so that when 
one or more switching tubes are 
conducting the resulting current 
flowing through cathode resistor R, 
biases V, beyond cutoff. This iso- 
lates voice band A from the distrib- 
utor output load resistor R,. If 
these three switching-tube grids are 
made negative simultaneously so 


DISTRIBUT: ee 
Goce as to prevent the flow of switching 
tube current through R,, V, be- 

2 pane? comes a normal self-biased ampli- 
EU fier and the signals on its grid ap- 


vik 


TO OTHER SWITCHING GRIDS 


Figure 2. 


plified and used to vary the repeller voltage, providing 
tomatic frequency control. 

he receiver has waveguide feed from the antenna 
ough a preselector cavity to a waveguide crystal mixer 
ere it combines with the local oscillator signal to produce 
32-megacycle intermediate frequency. A Wallman 
-noise preamplifier is followed by a 4-stage inter- 
diate-frequency amplifier and two limiter stages having 
-megacycle bandwidth. The discriminator is a modified 
ster-Seely circuit with a _ bifilar-wound transformer. 
reference voltage obtained from the discriminator is 

to change the repeller voltage of the local oscillator 

maintain a constant intermediate frequency. 
The modulation recovered by the discriminator is 
yplified by one stage and passes through a cathode 
lower into a 75-ohm cable to the pulse amplitude- 
dulation equipment. 


THE PAM MULTIPLEX TERMINAL 


100-kc information band provided by this micro- 
wave Circuit is a transmission medium of sufficiently 
h quality to permit the application of time-division 
tiplexing. The pulse amplitude-modulation method 
s chosen for this purpose, as previously mentioned, 
incipally because of its relative simplicity. In keeping 
th the low-cost nature of the system, the multiplexing 
rtion is constructed entirely of common, readily available 
mmercial components. 
The electronic distributor developed for this system is 
sed on the principle of the binary code. A binary code 
ving n units will give 2" combinations or distinctive code 
oups, so that for eight combinations a 3-unit code is 
quired (28=8). The three units employed in this 
rangement are square waves of frequencies 32, 16, and 
ke derived from a 64-ke crystal oscillator and a series of 
(0-1 frequency dividers connected in tandem. Figure 2 
a schematic diagram of this circuit. 
For purposes of illustration, only voice bands A and E 
e shown. They enter the distributor via triodes V, and 
respectively. The cathode}of, V, is paralleled with the 
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Simplified circuit of the electronic sending distributor 
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pear at the distributor output. The 
switching tubes are controlled by 
the frequency dividers. Each di- 
vider has two outputs 180 degrees 
apart in push-pull fashion, desig- 
nated as $1 and $2. Figure 3 illus- 
trates the time and phase relationship of the number 1 
and number 2 phases. 

Note that there is only one interval during a revolution 
of the distributor where all three number 1 phases are 
negative simultaneously. 

Observing in Figure 2 that the switching tubes associated 
with V, are each connected to a ¢1 output, it follows that 
V, will become conducting only during this interval “A” 
to allow a sample of the intelligence on band A to appear 
at R,. At all other intervals at least one of the three 
number 1 phases is positive, thus maintaining V, biased 
beyond cutoff. 

Voice band EF operates in a similar fashion through triode 
V, in conjunction with switching tubes V,32, V,16, and 
V8. But in this case a different “‘code combination’’ is 
set up on the switching tubes in that V,8 is controlled by 
the number 2 phase output of the 8-kce divider. As a 
result, it is only during interval ““E” of Figure 2(B) that 
all three tubes are cut off allowing a sample of the signal 
on channel £ to appear at the output. Similarly by using 
the proper combinations of number 1 and number 2 phases 
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all eight voice bands can be sampled one at a time in 
logical sequence. Figure 4 is an oscilloscope picture of the 
distributor output covering about one revolution with 
band D modulated by speech and band E carrying a 
1,000-cycle tone. 

The receiving distributor employs the same principle of 
operation, as shown in Figure 5. Here the switching 
elements are crystal rectifiers instead of triodes but they 
perform the same function. The incoming samples 
arriving at the signal input appear on all eight grids simul- 
taneously, but, since only one triode at a time is con- 
ducting, only the voice band associated with that triode 
receives the signal. Thus, when the A voice band sample 
enters the distributor, only V, is in a conducting condition 
to pass the sample to the A voice band output, and similarly 
for all other voice bands. 

The driving frequency for this system is derived from a 
64-ke crystal oscillator in the transmitter, the output of 
which is amplified and clipped to produce a square wave. 
Observing Figure 6, which is a functional block diagram 
of the system, it can be seen that this frequency is used to 
drive a series of four cascaded 2-to-1 frequency dividers 
producing square waves of 32, 16, 8, and 4kc. The output 
of the 4-kc divider is passed through a narrow-band filter 
and applied to the input of channel A to provide a register 
signal. Since this tone is above the response range of the 
channel, it may be sent along with the channel intelligence 
without causing interference. The 32, 16, and 8-kc 
dividers produce the switching frequencies used to drive 
the electronic distributor as previously explained. 

The pulses, as they leave the sending distributor, are 
not suitable for transmission. First, the pulses are too 
wide so that in being sent through a transmission medium 
of restricted bandwidth they would be broadened further 
and excessive pulse overlap would result, with correspond- 
ing crosstalk. Secondly, all of the pulses do not have the 
same shape, and thus they may be differently modified 
by the transmission medium. For this reason, the pulses 
are passed through a synchronous gate which operates at 
64 kc. The gate selects a small portion toward the end of 
each pulse for transmission. The portion selected is shown 
in Figure 4 by the two small pips or notches appearing on 
each pulse. The gate, at the same time, introduces a small 
amount of the 64 kc into the signal. The 64-kc component 
is transmitted along with the signal frequencies and is used 
to drive the distributor at the receiving end. Referring 
to Figure 7, the distributor output is applied to the grid of 
V,; A 64-ke keying wave of large amplitude and proper 
phase is applied to the grid of V2. The keying wave is so 
controlling that its amplitude, when positive, is sufficiently 
large to cause the cathode current of V, to bias V; beyond 
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cutoff; and when negative, to permit V; to perform % 
normal amplifier. The outputs of V; and V2 are as sh 
at C and D, and being 180 degrees out of phase they cay 
subtracted to control the magnitude of the 64-kc compo: 
in the output signal. Rheostat R is provided for 
purpose. 
The pulse train now consists of short, separated pulses 
uniform shape and duration, together with the req 
amount of 64 kc as shown at FE. High-frequency swite 
components are also in evidence, and as they conve 
essential intelligence, are removed by a 64-kce low-pa 
filter to give the waveform shown in Figure 8. The puls 
now have a more sinusoidal shape, and after amplific 
are ready for transmission. In the illustration sh 
channel D is being modulated by voice, and channel 
carrying a single frequency. Channel A can be identifie 
by the 4-kc registration signal on its pulse. 
Referring again to Figure 6, it is seen that at the m 
ceiving terminal the incoming pulses are amplified 
again filtered by a 64-kc low-pass network. This is ¢ 
remove any high-frequency noise components which mie 
be present in the transmission medium. Inspection ¢ 
Figure 9 shows that the incoming signal pulses have 
further broadened in traversing this filter and conside: 
overlap is evidenced which, if left uncorrected, 
cause crosstalk between adjacent channels. For th 
reason, and also because the transmission medium may he W 
introduced some modification of the pulses, a means fe 
reshaping and reconditioning them must be inserted befor 
they reach the receiving distributor. This is accomplishe 
by means of an adjustable signal-shaping amplifier whiel 
consists essentially of a phase shifter and a differenti 
circuit. By varying the time constants of these circuit 
it is possible to compensate the effects of phase disto: 
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ext it is necessary to recover the 64-kc component 


oduced at the transmitter for driving the receiving 


minal. ‘This is accomplished by passing a portion of the 
oming signal through a phase shifter and a 64-kc crystal 
er. ‘The filter has an extremely narrow passband, and 
oves all components of the received signal except the 
ke. After amplification this 64-kc component is clipped 
produce the required square wave for driving the 32-, 
, and 8-kc frequency dividers which in turn control the 
eiving distributor. Now back to the intelligence signal. 
The reshaped pulses enter the synchronous gate which 
rates similarly to that at the sending terminal. Here, 
vever, the gate functions to select a small portion at the 
se center. Figure 10 shows the pulses as they appear 
the output of the pulse shaping amplifier. The small 
ches occurring at the center of the pulses indicate the 
e at which the synchronous gate operates; and since 
; occurs at the point of greatest amplitude, it affords 
best margin against interference. The timing of the 
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gate operation in relation to the incoming pulses is de- 
termined by the phase control previously referred to. It 
can be seen that although the pulses still do overlap some- 
what they have been shaped so as not to extend into the 
gating period of the adjacent channels, thus preventing 
crosstalk. ‘The pulse train as it appears after the gating 
operation is shown in Figure 11. These pulses are now 
properly conditioned to enter the receiving distributor. 
The output of one modulated channel as it appears at 
the receiving distributor is shown in Figure 12. The pulse 
appears once during each revolution of the distributor, 
or every 125 microseconds, the time between successive 
pulses being divided up among the other seven channels. 
The wide portion of the pulse, or pedestal, represents the 
time during which the particular channel is in the operative 
condition. The narrow portion is the actual modulated 
signal pulse. Obviously this little pip represents only a 
very small amount of power, and so must be built up to 
be of any use. This is accomplished by means of a holding 
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circuit which functions to increase 
the average voltage. It is thus possible to start filling in 
the blank spaces between successive samples. Figure 13 
shows the same modulated pulse as it appears at the output 
of the pulse stretcher where the power has been sub- 
stantially increased. From here the signal is amplified 
further and passed through a 3.3-kc low-pass filter which 
removes all switching and other high-frequency components 


“pulse stretching” 


SIGNAL V, Vo 64 KC 
othe _» Site 
DISTRIBUTOR wen y 
(A) 


REGISTER TONE MODULATED 


ON CHANNEL A CHANNEL 
At 
bi 
\e i 


A DISTRIBUTOR 
OUTPUT SIGNAL 


B KEYING WAVE 
C Tp4 (Ry +R) 
WU ey 
F OUTPUT 
; (C+D) 
Figure 7. Synchronous gate circuit and waveforms 


Figure 9. 
Figure 8, Pulse train as transmitted 
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Received pulses before 
reshaping 
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leaving only a replica of the original voice-frequer 

The system as it stands now will function as a co 
tions circuit, but there is no guarantee that a signal 
voice band A at the sending terminal will appez 
A band jack at the receiving terminal. It is ~ 
necessary to provide a means for correcting the ¢ 
alignment of the two terminals. It will be rer 
that an identifying tone (4 kc) was superimposed on ¢ 
band at the sending terminal, and this is used to con} 
the operation of a multivibrator. This multivibrat 
operates at about 100 cycles and introduces a sharp k 
at the input of the 32-kc frequency divider at each reverse 
causing an extra operation of the divider which advane 
the receiving distributor one segment or channel. 
receiving distributor thus will advance channel by chan 
at a 100-cycle rate until proper registration of the 
tributors is reached. The channels are now momen’ 
in alignment so that the 4-kc registration frequency 
appear at the output of the 4-kc band-pass filter associate 
with the receiving side of band A. This tone is amplifi 
and detected to apply a negative bias to the multivibrat 
thereby halting its operation and leaving the termi 7 
registration. The entire scanning operation requis 
than 1/10 second. Inasmuch as registration will be m 
tained only when the 4-kc tone is present on the output 
band A, the same negative bias is also used to prevent 
operation of audible and visual alarms. Thus lo 
registration for any reason will be called to the attention 
operating personnel immediately. 

A monitor is provided at the transmitting terminal { 
use in checking the output of the sending distributor. 1 
circuit employed corresponds to one channel of the 3 
ceiving distributor, including a stretcher amplifier 
output filter. An 8-position switch connects the grids « 
three switching triodes to various combinations of t 
32-, 16-, and 8-kc frequency dividers correspondin i 
bands A to H. The operation of the monitor thus cz 
adjusted to coincide with the operation of a particule 
channel and permits monitoring of the traffic thereon. 

The finished PAM terminal is a completely self-contain 
unit embodying sending and receiving multiplex uni 
power supply, monitoring and testing facilities, and failur 
alarm all mounted in a single cabinet rack about 7 1 
high and less than 2 feet square. Figure 14 shows t 
cabinet as viewed from the front and rear. The 
miniaturized components throughout the terminal and 
adoption of other construction techniques have resultec 
a very substantial saving in space over present frequel 
division systems of equal traffic capacity. The orig 


Figure 10. Reshaped pulses — 
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gure 11. Pulse train after gating 


Otype model was completed in October 1949 and has 
undergoing tests since that date. 

everal of these terminals have been constructed to date 
they have been substantially uniform in performance. 
h the sending and receiving terminals on a back-to- 
k basis, noise and crosstalk are down at least 50 decibels 
multichannel signal to rms noise) on all channels. 
liminary tests conducted over the short-range radio- 
m circuit between New York and Newark have given 
factory results. These tests were made using only one 
terminal located in New York and with the Newark 
o terminal on a looped-back basis to form a 1-repeater 
io relay link. ‘The signal-to-noise ratios obtained under 
s¢ conditions were 40 decibels or better on all bands. 
ther tests are under way to check the life expectancy 
€ various components and to aid in formulating a pre- 
tive maintenance routine. 


‘CONCLUSIONS 


SAVINGS IN initial cost of about 50 per cent and a re- 
duction in size and weight of about 75 per cent can 
realized over frequency division systems presently in- 
led in the telegraph plant. ‘These savings are due in 
ye measure to the use of miniaturized components and 
application of new construction techniques. Even 
en compared on an equal footing, however, the PAM 
em should still show an appreciable savings. due to a 
ction in the number of filters required. 

he substitution of electronic components for filters, 
le reducing the initial cost, creates a more expensive 
ntenance problem because the stability and useful life 
passive networks are far superior to that of electronic 
ponents. The compact construction facilitates the 
nary maintenance adjustments which can be accom- 
hed simply using only a decibel meter, a handset, and a 
wdriver. Trouble shooting, however, requires rather 
borate testing instruments. Generally speaking, a 
em of this nature is functionally more complicated and 
tains more critical factors than frequency division equip- 
t. It therefore requires more attention and demands 
he attendant a more specialized knowledge of the 
bry and operation of the system. 

he transmission bandwidth required for a pulse system 
his type depends upon the amount of pulse overlap 
ich can be corrected readily to prevent interchannel 
stalk. In practice this works out to be about twice 
spectrum interval required for an equivalent frequency 
ision system. If pulse transmission is confined to a 
rower bandwidth, the crosstalk problem becomes 
easingly difficult. «A frequency division system now 
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Figure 12. Receiving distributor output 
of one voice band 
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___ 


Figure 13. Output of pulse stretcher 


Figure 14. Front 

and rear views of 

the PAM terminal 
assembly 


in use derives eight voice bands from a bandwidth of 30 
kc, whereas this PAM terminal requires a nominal band- 
width of 64 ke to provide the same capacity. Furthermore, 
a very gradual cutoff above 64 kc is employed in the line 
filters to insure a satisfactory wave shape in the received 
pulses. Hence the system occupies the range to about 
100 ke in the sense that the spectrum below this frequency 
cannot be used for any other purpose. 

Pulse systems require a transmission medium possessing 
a high degree of phase stability, which precludes their 
use on ordinary wire lines. Radio beam circuits are ideal 
for the purpose. They provide broad transmission bands 
so that spectrum economy is of secondary importance, 
particularly for short distances. This microwave radio- 
PAM combination offers a satisfactory, economical means 
of handling moderate traffic loads on a short-haul basis. 
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Improving the Sensitivity of Switches 
with Linear Feedback 


j. J. BARUCH 


SWITCH WILL BE de- 

fined in this article as a 
network whose output changes 
from a value below one state 
to a value above another when 
its input is changed from one 
statetoanother. Inswitching 
problems, as opposed to ordi- 
nary amplifier problems, the 
main considerations are the end states of the output com- 
pared to the end states of the input. The path taken by the 
output in its transition from state to state is of interest only 
to the extent that it determines the distance between input 
states. In general, the switch is a nonlinear active or 
passive network. 

While the two curves of Figure 1 look very different, 
in each case a transition from input state S; to input state 
S) produces a transition in output from state R, to state 
R,. The natural reaction to calling both of these systems 
“switches” is one of doubt. It is apparent that Figure 
1B describes a “‘better” switch than Figure 1A. The fact 
that B is intuitively ‘“‘better” as a switch demonstrates a 
prime factor in the design of most switches—the desire 
for maximum switch sensitivity. If this sensitivity is 
signified by o, then o may be expressed as 


odta 
Ske 


(1) 


The only switches considered in this article are reversible 
ones; that is, switches whose output may be transformed 
from state R, to state R, and back by a suitable change in 
input. Thus, the range S,—S, will be considered as that 
range through which the input must change to take the 
output from R, to R, and back to R;. While this range 
in some cases may be the same as that required to take the 
output from R; to R,, for hysteretic switches this will not 


be true. In the general problem of switch-controlled 
R2 
t 
R 
R, 
Ss; Ss> Se S; So S=5. 
Figure 1. The transfer characteristics of two switches 
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The sensitivity of reversible switches can be 
adjusted to varying degrees by using a suitable 
linear feedback coefficient. 
tivity depends on the characteristic curve of 
the switch, and methods are presented for 
determining this maximum and the feedback - 
coefficient needed to achieve it. 
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mechanisms, it is this ra 
of reversibility which i 
prime importance. 

It may seem odd to ret 
any network having a 
function as a switch. 
switch is a switch becaus 
the way it is used, not 
cause of any inherent qu 
of the mechanism. Thus, if any transfer function i 
description of the path along which the output goes f 
R, to R; as the input goes from 5; to S:, any network hayi 
such a transfer function may be considered a switch. 
reason that this generalization is not observed in practic 
is that other specifications are put on the switch suet 
power gain, snap-action, high sensitivity, state stabil 
and so forth. 


Maximum sensi- 


RELATION TO AN AMPLIFIER OR MODULATOR 


HE ESSENTIAL difference between an amplifier and 
switch is one of linearity. An amplifier usuall 
required to produce an output which is a faithful reg 
of its input. When the input is changed from S; to 
the output must change from RF, to R,, but the path trave 
in this transition generally is restricted to a straight } 
In the switch, only the end-points of the transition a 
interest. While something might be said about 
frequency response and time delay of the two systems, 
present discussion will be confined to a study of the qu 
static response of switches. The input will be assumed 
vary so slowly that the departure of the system f 
equilibrium will be negligible at all times. Thus, 
mention of time effects will be made. 
With the linear amplifier considered as a switch, 
amplifier gain X is equivalent to the switch sensitivit 
Thus the transition from R, to R; is made with an ii 
transition of S; to S, where S is given by 


Ro— Ri 
K 


Since the state-to-state transition is a reversible phenome 
in the linear amplifier the input interval for a change f 
R, to Ry is the same as the interval for the transition 
R, to R;. Figure 2A illustrates the linear portion a 
amplifier’s characteristic. Under this condition, the s¢ 
tivity of the switch is indeed K. The characteristi c 
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} assumed to be a mathematically straight line over the 
mm shown, and the nonlinear portions of the response 
: been deleted to avoid confusion. 

troducing regenerative feedback around the amplifier 
affect its response. If K is the gain of the amplifier 
out feedback and XK’ is the gain with feedback, the 
liar equation for gain is 

OK 

7 (2) 


e 6 has the dimensions of S/R and signifies the number 
its of stimulus produced at the input, in addition to 
applied stimulus, per unit of response. In the case of 
Itage amplifier, 8 is a dimensionless quantity, both S 
R being measured in volts. 
yuation 2 indicates that the gain K’ can be increased 
out limit, approaching infinite gain as 8 approaches 
For the case of an amplifier having a true linear 
pnse over a finite region of output, making 6 equal to 
will result in an infinite gain over the same finite 
m of output., The reason for specifying the range of 
at rather than the range of input will be made clear 
later section. Figure 2B depicts the performance of a 
h obtained by using a 8 equal to 1/K. The sensi- 
of such a switch is also infinite so that any change 
imulus about the value $,=., will produce a discrete 
> in response. 
fore concluding that all switching problems are 
d when a linear amplifier has been discovered, consider 
hange in sensitivity as the uncompensated gain K 
ges. In an amplifier with an uncompensated gain 
)O, and a @ of 0.01, a 10-per cent decrease in K will 
uce a decrease in sensitivity from infinity to 900. 
3, a switch which once needed any finite change in 
to produce a change in output of, let us say, 50 volts 
d now require an input change of 55 millivolts. - 
consideration will be given at this point. to the 
ition of feedback where B=1/K. A discussion of the 
hing behavior under this condition requires an 
ysis of the nonlinear portion of the curve as well as 
near. As a result, the subject will be covered in the 
ing section. 


SINGLE-VALUED NONLINEAR FUNCTIONS 


PRACTICAL operation, an ideally linear amplifier is a 
esently unattainable goal. While amplifiers usually 
treated as linear systems, the specifications of an 
ifier generally read “total harmonic distortion less 
m per cent” where n is a value dependent on the 
cular amplifier. This case is not concerned with 
quantities as harmonic distortion, but rather with the 
ature of the output versus input curve. Most other 
es capable of producing a “power gain” (that is, 
ators) also have curved characteristics. It may take 
derable magnification and careful experimentation 
stermine the curvature, but it usually can be found. 
bme cases (such as the thyratron) this curvature may 
from time integration of a statistical uncertainty, 
other cases simply from a saturation of some of the 
ponents. 
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Re 


a, 


S|=S» aa 


Figure 2(A). 
a linear amplifier 


Characteristic of Figure 2(B). Linear amplifier 


with optimum feedback 


A typical characteristic of this form, the S curve, was 
shown in Figure 1A and is redrawn in Figure 3A. This 
curve might be a plot of output versus input for a d-c 
amplifier, the output current through a carbon stack as a 
function of input pressure, or the net force on a blocked 
relay armature as a function of input current. The 
problem to be treated now is how this curve changes as 
feedback is applied to the system. 

If the response is any arbitrary function of S, the stimulus, 
then 


R=f(S) (3) 


If R, is the response of the compensated system having a 
per-unit feedback coefficient 6, then 


Re=f(S+BRe) (4) 


The problem of the amount of feedback necessary to 
provide an infinite slope at any point on the original 
curve may be solved thus 


dR, _df(S+6R,) 
dS dS 


(5) 


where f’ is the derivative of the function f with respect to 
its argument. Equation 5 is a more general form of 
equation 2. The gain, KX, in equation 2 is the slope of the 
linear portion of the curve corresponding to f’ in equation 
5. The compensated gain, KX’, is the new slope corre- 
sponding to dR,/dS. Equation 5 shows that the com- 
pensated slope at a point having an uncompensated slope 
of f’ may be made infinite by using a 8 equal to1/f’. This 
is the condition which occurred in the case of the linear 
amplifier. 

Before proceeding further in the analysis of the nonlinear 
system with feedback, it would be well to work out a simple 
method for performing the analysis. A graphical method 
has been worked out for doing this and will be presented 
here. While the method may not be new, the writer has 
not seen it used in any analysis of feedback problems, 
although it provides an insight into the use of feedback as a 
linearizing method, as well as a method for improving 
switching operation. If in equation 4 6 is assumed to be 
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Equa- 
tion 4 describes the physical phenomenon as follows: - 
“Any value of response, R, previously occurring at a value 
of stimulus S’ now occurs at a new value of stimulus S 
which is smaller than S’ by an amount equal to BR.” 


a constant independent of R, the feedback is linear. 


Equation 4 may be represented graphically. If a point on 
the uncompensated curve has the co-ordinates (R, 5” ), the 
introduction of feedback causes that point to take on the 
new co-ordinates drawn through the point (R, S’) and 
intersecting the S axis at an angle given by 


6=cot~g 


The point of intersection Q of this line with the S axis is 
given as 


Q=S'—R cot 9 
or 
Q=5'-BR 


Thus the point Q has the same value as the new point S. 
To analyze the effect of feedback on a curve made up of 
points in the SR plane it is only necessary to draw a set of 
lines making an angle with the S axis of 9=cot—18._ Figure 
3 demonstrates this construction. Figure 3A is the typical 
S curve drawn in the SR plane using orthogonal co- 
ordinates. In Figure 3B, the ordinate lines have been 
skewed to the right through an angle ¢=tan—16. The 
horizontal spacing between the skew lines has not been 
changed, nor has the vertical spacing between the hori- 
zontal lines. R and S§ are still measured perpendicularly 
to each other, but the lines of constant S have been skewed. 
The shape of the curve has not been altered from its 
original shape. Figure 3B now describes the operation of 
the sys‘em of Figure 3A when used with a regenerative 
feedback coefficient of 8. Figure 3B may be used as it is, 
or for qualitative determination of the performance it may 
be redrawn in Cartesian co-ordinates as shown in Figure 
3C. Here the change in shape resulting from the addition 
of feedback is readily apparent. 

Such factors as the generation of an infinite slope, a 
negative slope, or a multivalued function from the original 
curve may be studied from the co-ordinate transform shown 
in Figure 3. For example, the specification of infinite 
slope at some value of R means that the curve shall be 
tangent to a line of constant § at that value of R. To 
determine the value of feedback necessary to produce this 
effect, it is only necessary to draw a tangent to the curve 
at the value of R and use a feedback coefficient equal to the 
inverse slope of the tangent line. The operation, expressed 
mathematically, is that f’8=1, which is the same criterion 
previously developed. 

In many cases it will be desirable to have an infinite 
slope at some specific value of stimulus rather than response. 
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‘feedback coefficient of 8 will cause them to have the sai 
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= 


Figure 3(A). A typical 
response charact 


Figure 3(B). S curve resp 
with feedback on skewed 
ordinates 


Figure 3(C). Curve B redr 
on Cartesian co-ordinai 


In this case, the graphical construction begins wit] 
straight line intersecting the stimulus axis at the pi 
(0,S), where S is the value of stimulus at which we y 
an infinite slope. The line is now rotated about the pi 
(O,S) until it lies tangent to the curve. Using the inver 
slope of this line as 8, the point of infinite slope will o 
at a stimulus value equal to S. The reasoning behind @ 
operation is as follows. Since the tangency point and 
point (0,S) lie on the same skew line, introduction 


value of §, and will simultaneously cause the tange 
point to become a point of infinite slope. The only po: 
on the S curve which may be made to have an infi 
slope, and still retain the single-valued nature of the cu 
is the point of inflection, which is also the point of ma: 
mum slope. However, the effect of increasing the fee 
back beyond the value necessary to bring the inflecti 
point to infinite slope can be determined. 4 
Figure 4 illustrates the same S curve with different valt 
of feedback. Figure 4C and 4D represent curves showi 
the effect of the amount of feedback just necessary 
produce an infinite slope at the inflection point; A an 
illustrate the effect of less feedback; while E and F illustre 
the effect of a larger amount of feedback. These last t 
figures are the main point of interest in the present disci 
sion. The increase of feedback has resulted in R becomi 
a multivalued function of S$. As the stimulus is increas 
from O, R increases slowly until the point S2 is reach 
At this point, any increase in S produces a discontinu 
jump in R to a high value. As S is reduced from ab 
Sy the response decreases slowly until point S; is reache 1 
which value R drops discontinuously to a value near zere 
The two desired states have been marked as R, and 
on the first pair of curves yielding a stimulus inte 
S—S;. The same values of R, and R, result in a sma 
range of stimuli in the second set of curves because of 
increased feedback. In the third set of curves, howe 
the stimulus range necessary for a reversible transfer 
tween states has increased to the value shown. When 
stimulus advances to a value just above S», the respi 
jumps to above R, and similarly, with reduction, 
response drops to a level below R;. While the hyste 
switch shown yields a sharp snap-transfer from a low § 
to a higher state, it is a relatively poor switch where § 
tive reversibility is desired. 
The increase of sensitivity and its subsequent deci 
with a steadily increasing coefficient of linear feed 
indicates that the performance of a switch as a fun 
of the degree of feedback might be optimized. For 
S curve response so often typical of practical circuits, 
optimization may be carried out readily. Since, in gen 
the uncompensated response curve is determined ex 


ELECTRICAL ENGINEE 


tally rather than known analytically, a graphical 
hod of optimization will be described. There are two 
ibilities: the first with the responses on opposite sides 
he point of inflection, and the second with them on 
same side. 

n Figure 5 the S curve and the two desired response 
es have been drawn. Points 1 and 2 are the points on 
curve having R co-ordinates of Rj and R;,. The vertical 
s through 1 and 2 are separated by a distance D,, the 
essary stimulus range in the absence of feedback. If 
¢ vertical lines are now rotated clockwise about points 
d 2, the horizontal distance between them will decrease. 
matter of fact, the horizontal distance between them is 


bo — (Re— Ri) cot 6 


re @ is the angle between the skewed line and the 
zontal and cot 6 equals the coefficient of feedback for 
condition represented by the skewed lines. This 
€ase in spacing continues until the line through point 1 
mes tangent to the curve. The horizontal spacing 
een the lines D, now corresponds to the stimulus range 
essary for the reversible transfer with the indicated 
ition of feedback. If rotation of the lines about points 
d 2 were continued, the line through 1 would cut the 
e twice, and the horizontal spacing between the lines 
d no longer indicate the required stimulus range. 
reason for this fact is apparent. A reduction of 
ulus from point 2 with this greater amount of feedback 
Id result in a transfer to below state R, only after the 
ulus had decreased to correspond to that point on the 


FEEDBACK PROPER VALUE TO GIVE THE INFLECTION 
POINT INFINITE SLOPE 


—> 
FEEDBACK LARGER THAN IN C ORD 


e4, Typical curves with varying amounts of feedback 
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Figure 5. 


Graphical 


determination of optimum feedback 
coefficient 


curve having infinite slope. It would not occur at the 
intersection of the line through point 1 and the curve. 
The lines may be rotated further, however, provided that 
a different set of rules is obeyed. After the line through 
1 has become tangent to the curve, it is rotated in such a 
manner that it remains tangent to the curve. Thus, the 
line always coincides with the curve at the new point of 
infinite slope, and the horizontal distance between lines is 
equal to the necessary stimulus range. The distance be- 
tween the lines will now continue to decrease as they are 
rotated until the line through point 2 also becomes tangent 
to the curve. This statement is true as long as point 2 is 
above the point of tangency of the line through point 1. 
If the line through point 2 had become tangent first, it 
would still be true if point 1 lay below this point of tangency. 
The reason for this is that the line through point 2 remains 
at point 2 during this rotation, and the other line rolls 
along the curve and approaches point 2 along a horizontal 
at a rate given by 


dD/D=(R2—Rr)csc*6—p cos 6 


where p is the radius of curvature at the point of tangency. 
For negative radius of curvature dD/D is positive, (that is, 
D decreases as 6 decreases) as long as Ry, the value of R 
at the point of tangency, is smaller than Ry. A similar 
equation can be written for the alternate condition. 

This decrease in stimulus range will continue until the 
line through point 2 becomes tangent to the curve. The 
resulting horizontal separation will be D,. This distance 
will be the minimum range of stimulus which can transfer 
the system from state R; to state R; and back using linear 
feedback. The reason for its being the minimum is that 
line 2 as well as line 1 must now be rolled along the curve. 
Measuring the horizontal distance between the lines at the 
point of inflection shows that the number 1 line has its 
point of tangency above the point of inflection (as indeed 
it must if point 1 were originally below the inflection 
point) so that, as it rotates, its intersection with the line 
R=R, moves to the left of the inflection point and its 
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distance from the point of inflection increases. Similarly 
the intersection of line 2 with R=R, must move to the right 
of the inflection point and its distance from the point of 
inflection increases. These lines must be on opposite 
sides of the curve at the point of inflection from the original 
condition that points 1 and 2 be on opposite sides of the 
point of inflection. From this fact, the distance between 
them is the sum of the distances of their intersections with 
R=R, from the point of inflection. Since both of these 
distances increase as 6 decreases, D must increase and D, 
must be the minimum attainable stimulus range by means 
of linear feedback. The optimum amount of feedback is 


B opt — cot Bopt 


In practice it will be unnecessary to perform all this 
rotation. To find the optimum amount of feedback 
necessary for reversible transfer, knowing point 1 and 
point 2, it is only necessary to draw line 1 through point 1 
tangent to the curve and draw line 2 through point 2 also 


Remote-Control Microscope Aids 


Atomic Scientists 


This schematic diagram shows the operation of the 
remotely controlled microscope made by the American 
Optical Company’s Instrument Division for the Knolls 
Atomic Power Laboratory which is operated at Schenec- 


Spars. ILLUMINATION 
~~ CONCRETE WALL c+ SPELESCOPE 3° 
: _ 3 FEET THICK 


ees 


VIEWING: — 


tady, N. Y., by the General Electric Company for the 
Atomic Energy Commission. With the aid of this micro- 
scope scientists may safely examine highly radioactive 
metal specimens located inside a test chamber with 3-foot 
concrete walls. Two periscopes are provided: one to 
carry in light to the specimen; the other to bring out its 
magnified image, so it may be examined visually or photo- 
graphed. The offsets in the periscopes trap harmful 
radiations. 
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tangent to the curve. The optimum feedback coeffi 
is the inverse slope of the more nearly horizontal 
(that is, the greater value of 8). The stimulus range 
be determined by drawing another line parallel to 
selected line and also tangent to the curve on the 6 
side of the inflection point. The horizontal spacing 
tween these lines is the minimum stimulus range, a 
intersection of these lines with R=0 axis are the va 
of stimulus at which transfer takes place. The horize 
distance D, and the stimuli S$, and S, demonstrate 1 
quantities in Figure 5. 

Reducing the vertical distance between points 1 ai 
would also decrease the required stimulus range. 
general, however, the distance between the points is 1 
by the application to which the switch will be put. 
being the case, a systematic study of the response ct 
of many switches may be undertaken to determine y 
is the most suitable for a given application. So far, 
the case for the response levels on opposite sides of 
point of inflection has been discussed. Because of 
desire for relatively large output jumps from a s¥ 
(a relatively large range of R,—R) this case is the 
practical. 

For the sake of completeness, however, it would be 
to set down the method for determining the optimt 
to be used when both points are on the same side c 
inflection point. The method of arriving at the crite 
will not be discussed, being somewhat trivial. A 
through the point furthest from the point of inflection, 
tangent to the curve, sets the value of 8 as before 
second line, parallel to the first and also tangent te 
curve, is drawn on the other side of the inflection poi 
The horizontal spacing between these lines and # 
R=0 intercepts are then used as previously, if the seco 
line has its point of tangency between the two end pe 
If it does not, the tangent to the curve must be drawn at 
point nearest the point of inflection. The cotanget 
this new line then equals the optimum ~. This 
requiring close spacing of R, and Re, is seldom of praé 
interest. 

Ordinary snap-action or toggle switches have respi 
characterized by a hysteresis curve. As such, the 
special examples of § curve systems. The hyste 
generally arises from regenerative feedback in the SV. 
and, conversely, often can be eliminated or optimize 
the addition of degenerative feedback.. In general 
shape of, the § curve between the transfer points (s 
dashed in Figure 4) cannot be determined experimen 
Under these circumstances, the optimization may ¢ 
be carried out on a trial and error basis, or suff 
inverse feedback may first be added to allow an @& 
mental determination of the single valued curve. 
is done, the previously described analysis may be perfot 
and the 8 so obtained indicates the amount of it 
feedback to be removed from the system. ; 
This procedure and analysis may well find applic 
in such separate fields as relay-controlled servomecha 
and digital computers. An attempt is already unde 
to apply some of the principles to a new method of ps 
logical group testing. 
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Power Transformer Noise in Residential Areas 


A. V. LAMBERT 
ASSOCIATE MEMBER AIEE 


HE PROXIMITY OF humming electric equipment 
to dwellings is becoming a concern to the utility engi- 
s. The main cause of this noise is the minute pulsation 
1¢ laminations submitted to a 60-cycle-per-second alter- 

g flux. This phenomenon is called the magnetostric- 
and its intensity depends on the induction present in the 


though the magnetostriction of the cold rolled steel 
in modern transformers is smaller than that of hot 
d steel, economics dictates the adoption of higher flux 
ities, thereby offsetting the magnetostrictive advantages. 
that reason, the usual approach to transformer noise 
ction consists of reducing the flux densities. This re- 
in a larger and thereby more costly transformer, for 
h the manufacturer will not guarantee a definite noise 
ction unless he uses hot rolled steel in the construction 
e core laminations. 
an attempt to determine the value of isolating me- 
ically the core and coil assembly from the tank and of 
posing a sound barrier between the core and the tank 
» a series of tests was performed on a 15-kva distri- 
n-type transformer. ‘The results indicated that sub- 


ial improvement could be realized. The same correc- — 


neasure applied to a 3,000-kva transformer also showed 
iprovement, although the manufacturer does not guar- 
the same result for all transformers. This improve- 
may be attributed to the dampening effect of the oil; 
effect, however, is questioned by some. While the 
ening of low frequencies is questionable, the higher 
encies may be reduced so as to make the transformer 
d quieter in the distance, as the higher-frequency 
ds carry further. 
€ corrective measures that the utility engineer can 
are threefold. He can install a quiet transformer, 
a sound barrier around the transformer, or isolate the 
former by building the substation on a large lot. Be- 
tarting to study the problem, however, he must find 
hat the nonobjectionable noise should be at the dwell- 
earest to the substation. If this noise is the same as 
xisting before the transformer is installed, there is little 
ce that complaints will arise, unless it be for esthetic 
ns or because of radio interference. Thus, the prob- 
s to find a quick and practical way to compare the 
before and after the new substation transformer is 
d in operation. 
the present state of the art, two noises can be com- 
by their total noise level and their frequency spec- 
. While the noise level meter is used universally in 


paper 51-299, “Audio Noise of Power Transformers in Residential Areas,” 
led by the AIEE Committee on Transformers and approved by the AIEE 
1 Program Committee for presentation at the AJEE Pacific General Meeting, 


Oreg., August 20-23, 1951. Scheduled for publication in AIEE Transactions, 
70, 1951. 


a 
bert is with the Portland General Electric Company, Portland, Oreg. 
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Lambert—Power Transformer Noise 


field measurements, the frequency analyzer is very imprac- 
tical for such work. However, the various weightings built 
into the noise level meter make it possible to measure the 
harmonic index* which gives an indication of the fre- 
quencies contained in the noise. The noise level and the 
harmonic index of the ambient thus can be determined be- 
fore construction starts. These two quantities, readily ob- 
tainable with the noise level meter, can be used as a refer- 
ence. 

To determine the rate of noise level decrease with dis- 
tance, field measurements were made around an existing 
substation located far from any building. The average 
noise level decrease in various vertical planes then was 
plotted as a function of the distance. Thus, knowing the 
nonobjectionable noise level, the chart makes it possible to 
determine either the minimum distance required between 
the transformer and the first dwelling or for a given distance, 
the noise level at the transformer. If it is not possible to 
obtain a transformer with the required noise level, the con- 
struction of a sound barrier that will reduce the noise suffi- 
ciently is in order. 

The two types of sound barriers being built at the present 
time are the partial barrier and the enclosure, partly roofed 
or not. Bricks and concrete blocks are the materials most 
commonly used and the results obtained with these heavy- 
type sound barriers have been satisfactory. However, if 
the walls thus built are not covered with a sound-absorbing 
material, the noise can be built up inside the enclosure or 
reflected in an opposite direction. As a consequence, the 
ventilation openings provided in the walls of the enclosure 
have to be closed or this condition may cause another noise 
problem to arise. 

A lighter type of sound barrier built with resonant cavities 
may prove to be a satisfactory solution. Briefly, this type 
of sound-absorbing structure would be composed of a perfo- 
rated front panel and a solid impervious back panel, sepa- 
rated by an air space. The dimensions of these perfora- 
tions, their spacing, the thickness of the front panel, and the 
air space between the front and the back panels are all vari- 
ables that determine the frequency of resonance of the air 
space for which the sound absorption is maximum. Such 
structures thus could be designed to work as acoustical 
filters for specific frequencies, since the predominant fre- 
quencies of power transformers can be accurately deter- 
mined. 

Economics will determine the solution to be adopted. 
By a careful study prior to the construction of a substation, 
the utility engineer can be more definite in his specifications 
for such installations, thereby eliminating the possibility of 
subsequent difficulties arising in the future because of a 


noisy transformer. 


* Harmonic index is defined as the difference between the noise level measured by the 
“flat” response and the noise level measured by the 40-decibel response curve: fi = 
dbtiat —dbao. 
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INSTITUTE ACTIVITI 


Number of Technical Sessions Increased 


to 73 for 1952 Winter General Meeting 


The number of technical sessions and con- 
ferences for the Winter General Meeting has 
been increased from 68, as announced in the 
November issue of Electrical Engineering, to 73. 
Among those sessions which have been 
added are: Industrial Control, Space 
Heating, Management, Electrical Applica- 
tions in Pipe Line Transportation, Electric 
Heating, Industrial Power Systems, Elec- 
tronics in Industry, and Feedback Control 
Systems. 

As has been the custom for the past three 
years, the Hotel Statler in New York City 
will again be host to the members for the 
meeting to be held from January 21 through 
January 25. When the final program is 
announced, it is expected that the maximum 
facilities of the Hotel Statler will be in use. 


Future AIEE Meetings 


AIEE Conference on Feedback Control 
Systems 

Haddon Hall Hotel, Atlantic City, N. J. 
December 6-7, 1951 


Joint AIEE-IRE Computer Conference 
Benjamin Franklin Hotel, Philadelphia, Pa. 
December 10-12, 1951 


AIEE Conference on Electronic Instru- 
mentation in Nucleonics and Medicine 
(page 1776) 

Hotel Commodore, New York, N. Y. 
January 7-8, 1952 


Winter General Meeting (page 1706) 
Hotel Statler, New York, N. Y. 
January 21-25, 1952 

(Final date for submitting papers—closed) 


South West District Meeting 

Jefferson Hotel, St. Louis, Mo. 

April 15-17, 1952 

(Final date for submitting papers—January 16) 


North Eastern District Meeting 
Binghamton, N. Y. 

April 30—May 2, 1952 

(Final date for submitting papers—January 31) 


AIEE Conference on Electronic Converter 
Applications and Tubes 

William Penn Hotel, Pittsburgh, Pa. 

May 5-6, 1952 


Summer General Meeting 

Hotel Nicollet, Minneapolis, Minn. 
June 23-27, 1952 

(Final date for submitting papers—March 25) 


Pacific General Meeting 

Phoenix, Ariz. 

August 19-22, 1952 

(Final date for submitting papers—May 21) 


a 
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INSPECTION TRIPS 


The Inspection Trip Committee is pro- 
ceeding with final arrangements for a variety 
of inspection trips of technical and general 
interest. Among these trips are the fol- 
lowing: 


1. Sewaren Generation Station of the 
Public Service Electric and Gas Company, 
Sewaren, N. J. 

2. Bell Telephone Laboratories, Murray 
Hill, N. J. 

3. Steinway Piano Company, New York, 
INS Ye 

4. Port of New York Authority Bus 
Terminal, New York, N. Y. 

5. Radio City Music Hall, New York, 
IN eX 

6. Metropolitan Museum of Art (Special 
Lighting Exhibit), New York, N. Y. 

7. New York Curb Exchange, New 
York, N. Y. 

8. Manufacturing and Repair Division— 
Westinghouse Electric Corporation, Hills- 
dale, N. J. 

9. United States Signal Corps Photo- 
graphic Center, New York, N. Y. 


Details of these trips and others will be 
forthcoming in the January issue of Electrical 
Engineering. ; 


THEATER TICKETS 


It is expected that tickets for the following 
shows will be available. to out-of-town 
AIEE members during the week of the 
meeting. 

Prices listed are for orchestra seats 
Monday, January 21, through Thursday, 
January 24, evenings: 


A Tree Grows In Brooklyn. .......000eeceeeee $7.20 
Afiaira OF State x. csi etsias scr talsisieisine aioe nai 4.80 
‘Call Me) Madam, sisters se cmciliste icte cle caseates 7.20 
Guys‘and Dolls. rvs cies sisfernatets oak aeteite eis ihia 6.60 
NOVENteeR aaa ecicrelicne sea nisin aisweiticies aieiste eeiee 6.00 
South: Pacifics)..< sieve c's» aastelees ¢verlen es «+e. 6,00 
The King and ie vicnivsies.s3scisisaraisianteae Seco 8.40* 
‘Twojon'the Aisles scasses settaraeh ot otto naa 6.00 


* These tickets are not available to us from the box 
office and must be obtained through brokers. The 
price shown includes broker’s fee. It may become 
necessary to classify additional shows in this category. 


Requests should include checks payable 
to “American Institute of Electrical Engi- 
neers,” first and second choice of both name 
and date of show, and should be sent to 
Theater Ticket Committee, AIEE Head- 
quarters, 33 West 39th Street, New York 18, 
N. Y. Preference will be given to requests 
for seats in blocks of pairs and the committee 
reserves the right to reduce requests to sell- 
out shows to two tickets and will refund all 


money which may be received for unsatisfied 
requests. 


HOTEL RESERVATIONS 


Blocks of rooms have been set aside at 
the Hotel Statler (meeting headquarters) 


Institute Activities 


A 


and nearby hotels for members and 
attending. To be sure of hotel accor 
tions, reservations should be made 
to January 10, and sent directly } 
hotel of choice, and to only one 
Mention AIEE in your request and 
copy to Mr. W. G. Vieth, Vice-Chz 
Hotel Accommodations Committee 
Western Union Telegraph Compa 
Hudson Street, New York 13, N, 
second and third choice should be n 
this copy. If the accommodations 
available at the hotel requested, th 
Accommodations Committee will | 
the request to one of the other hotels, 

Hotel rooms have been reserved 
following hotels, and all rates are | 
to a 5 per cent New York City hotel roon 


Hotel Statler (meeting headquarters) 
7th Avenue, 32nd to 33rd Streets 

Single room with bath.... Pst: | 

Double room, double bed.. 

Double room, twin beds... Ay. 

Parlor suitessc..ciciss o's siolvieieisineaiee 


Hotel Governor Clinton, 7th Avenue 
at 31st Street 


- Single room with bath.............. $ 5.001 


Double room, double bed...........- 8.00¢ 
Double room, twin beds.......+..-++ 


Hotel McAlpin, Broadway and 34th 
Street 

Single room with bath,........ 

Double room, double bed... 

Double room, twin beds 


Hotel New Yorker, 34th Street and 

8th Avenue , 
Single room, tub and shower........- $ 5.001 
Double room, double bed...........+ 8.00 
Double room, twin beds............. 9.50 


Hotel Martinique, Broadway and 32nd 
Street 


Single room with bath.............. $ 4.00 
Double room, double bed...........+ 6.50 1 
Double room, twin beds...... Boies TSE 
Hotel Commodore, 42nd Street at 
Lexington Avenue 
Single room with bath.............. $ 5.50 
_ Double room, double bed............ 9.00 to 


Double room, twin beds............. 10.00 t 


Hotel Roosevelt, Madison Avenue at 
45th Street 

Single room with bath.............. $ 6.51 

Double room, double bed............+ 12.50 ¢ 

Double room, twin beds............. 13.50 


DINNER-DANCE 


The dinner-dance promises to be # 
outstanding social event for the cor 
delegates and their ladies. It will 
Thursday, January 24, in the main k 
of the Hotel Statler. Formal dre: 
quested. Music and general arran 
will be the same as those which pt 
enjoyable last year. Begin to ple 
table of ten for this popular eventof th 
General Meeting social activities. 
tions at $12.00 per plate will be ace 
the Dinner-Dance Committee, AIE 
quarters, 33 West 39th Street, New 
N. Y. Checks should be made pa 
“Special Account, Secretary, AIEE 
committee is under the chairmar 
J. G. Derse. 


SMOKER 


The Smoker Committee, under tl 
manship of D. M. Quick, announ 
the Smoker will be held at the Hot 
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ore on Tuesday evening, January 22. 
rvations should be sent to the Smoker 
mittee, ATEE Headquarters, 33 West 
Street, New York 18, N. Y., at an 
date. Tables for ten persons will be 
able and the price of tickets will be 
) per person. Checks should be made 
ble to “Special Account, Secretary, 
E.” Reservations received after January 
ll not be honored. 


LADIES’ ENTERTAINMENT 


1¢ Ladies’ Entertainment Committee, 
x the chairmanship of Mrs. R. F. 
ver, is planning a program of unusual 
est for the ladies. On Monday, 
lary 21, there will be the usual “Get 
jainted” Tea at the Ladies’ Head- 
ters in the Statler. On Thursday 


noon there will be a luncheon and. 


e Cleveland Section was host to the 
General Meeting which was held in 
eland with headquarters at the Hotel 
eland, October 22-26, 1951. In 37 
ms 151 technical and conference papers 
presented, many of which were par- 
ly appropriate to the industrial center 
leveland. On the business side, an all- 
meeting of the Board of Directors was 
on Thursday, which was followed by 
rum of the Technical Committee Chair- 
in the evening (story below). During 
ions 35 meetings of committees and 
mmittees were held. Other features 
a General Session on Tuesday morning, 
smoker, dinner-dance, a _ special 
am for the ladies, and inspection trips 
cal industrial plants. A total of 1,714 
bers, guests, and students attended the 


g- 
GENERAL SESSION 


¢ General Session on Tuesday morning 
resided over by D. E. Moat, Chairman 
Fall General Meeting Committee. 
introducing the committee personnel 
e efforts made this meeting such a 
s, he introduced Mayor Thomas E. 
e of Cleveland, who welcomed those in 
dance to the city. He was followed by 
. Strasbourger, Vice-President of Dis- 
2, who also welcomed the members to 
and and then announced the winners 
© prize papers, after remarking that 
papers had been considered in the 
tition. First prize was awarded to 
Kershaw for his paper, ‘Automatic 
ering to Reduce the Hazard of Aircraft 
e Failure at Take-Off” (EE, Nov 50, 
58). Second prize was awarded to 
. Kouwenhoven and W. T. Sackett, 
or their paper, “Contact Resistance— 
Contribution of Nonuniform Current 
2 

next speaker was AIEE President 
. McMillan, who told about his recent 
ities as President when he and AIEE 
tary H. H. Henline attended the 
ence of Representatives from the 
eering Societies of Western Europe 
the United States at The Hague at the 
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fashion show at Sherry’s. A trip to Idlewild 
International Airport also is being planned 
for the ladies. 


WINTER GENERAL MEETING COMMITTEE 


The members of the 1952 Winter General 
Meeting Committee are: G. J. Lowell, 
Chairman; C. T. Hatcher, Vice-Chairman; 
J. J. Anderson, Secretary; W. J. Barrett, 
Budget Co-ordinator; C. S. Purnell, Vice- 
President, District 3, AIEE; M. M. Brandon, 
Technical Program; J. P. Neubauer, D. W. 
Taylor, J. D. Tebo, D. T. Braymer, General 
Session; R. T. Weil, Monitors; G. T. Mina- 
sian, J. B. Harris, Jr., Publicity; C. N. 
Metcalf, Hotel Accommodations; E. R. Thomas, 
Registration; D. M. Quick, Smoker; Mrs. R. 
F. Brower, Ladies’ Entertainment; J. G. 
Derse, Dinner-Dance; F. P. Josslon, Inspection 
Trips; J. G. Aldworth, Theater-Radio. 


K. Glennan Is Principal Speaker at 
Fall General Meeting Which 1,700 Attend 


invitation of the Koninklijk Instituut van 
Ingenieurs, September 17-21, 1951. Presi- 
dent McMillan and Secretary Henline were 
representatives of AIEE and they were 
accompanied by W. N. Carey and C. E. 
Davies, secretaries of the American Society 
of Civil Engineers and The American 
Society of Mechanical Engineers respectively. 

After outlining some of the main topics 
which were discussed at the conference 
(see the report of the conference on page 
1123), President McMillan gave his impres- 
sions of the countries he visited. In Oslo, 
Norway, he inspected engineering schools 
and generating plants. In both Oslo and 
Stockholm he found that every effort was 
being made to relieve the coal situation by 
expanding the use of hydroelectric plants 
under state aid. President McMillan was 
the guest of honor at a dinner given him by 


AIEE President McMillan is addressing 
those attending the Fall General Meeting 
during the General Session 


Swedish engineers in Stockholm. He ad- 
mired the progress that Norwegian engineers 
have been making in aiding their country’s 
recovery program in effect since the ending 
of World War II. After visiting Denmark, 
he went to Switzerland, where hydroelectric 
systems also are expanding, and from there 
he went to France, whose testing system for 
their electric utilities he greatly admired. 
While in London, he attended the installa- 
tion of officers of The Institution of Electrical 
Engineers. 

The main address of the session was given 
by Dr. T. Keith Glennan of the Atomic 
Energy Commission, whose fine talk, ““Your 
Stake in Atomic Energy,” was received 
enthusiastically by the members. (For the 
complete text of this address, see pages 
1033-38.) 


Technical Committee Chairmen Forum Coniders Public 


Relations, Conference Papers, and Divisional Organization 


The fourth Forum of Technical Com- 
mittee Chairmen was held on Thursday 
evening, October 25, with L. F. Hickernell, 
Chairman of the Technical Advisory Com- 
mittee, presiding. Among the topics dis- 
cussed were ways in which to make confer- 
ence papers available, Divisional organiza- 
tion, and public relations. 

President F. O. McMillan, Honorary 
Chairman, opened the meeting and ex- 
plained that the purpose of the forums was 
to provide a place to discuss and thrash 
out certain problems of current common 


interest without an attempt to legislate on - 


matters. 


CONFERENCE PAPERS 


In respect to the availability of conference 
papers, Chairman Hickernell drew attention 
to the motion passed at the last forum which 
recommended that the present system be 
continued and that the authors be asked to 
bring several hundred copies of their papers 
to the meetings for sale by the Institute. 


Institute Activities 


’ Fall and Winter General Meetings. 


K. B. McEachron, Chairman of the 
Publication Committee, explained that the 
Publication Committee had given consider- 
able time and_ thought to the recommenda- 
tion to charge for copies of conference 
papers furnished by authors but this did not 
seem to be the wise thing to do. The 
Publication Committee decided to explore 
the matter further and to prepare a question- 
naire for distribution to the authors of all 
conference papers on the program of the 
Replies 
received from 25 authors on the first two 
days of the program of the Fall General 
Meeting indicated that 23 had brought 
manuscripts to the meeting, 18 had brought 
duplicate copies in quantities ranging from 
20 to 200, and 22 said that they would be 
willing to furnish 50 duplicate copies for 
distribution on another occasion. ‘Twenty- 
two out of the 25 also expressed the willing- 
ness to furnish original copies in standard 
form for reproduction. Fifteen authors 
could have. made their papers available 3 
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to 30 days in advance of the meeting, two 
in 31 to 60 days, and five in 61 to 120 days 
in advance. The committee would have 
more data later but the replies so far re- 
ceived indicated that a reasonable solution 
to the conference paper problem was at 
hand. 

In discussion, the question was raised as 
to whether it was the intent to have the 
conference papers made available in advance 
of the meetings so the discussion could be 
preserved. In reply to this question, Dr. 
McEachron advised that it was not the 
intent to make the conference papers avail- 
able in advance of the meetings, and after 
presentation if the author is asked to revise 
his paper he is no longer interested in the 
matter and experience has proven an un- 
willingness to furnish reproducible copy. 
However, headquarters might take back 
copies from the meetings and distribute 
them for a period of a month or six weeks 
after the meeting and any oversupply would 
be returned to the authors. The view was 
expressed by J. E. Clem that many con- 
ference papers were presented because the 
authors did not wish to disclose the contents 
of their contributions three months in ad- 
vance and since that was the case the authors 
should be required to furnish duplicate 
copies of the papers at their own expense 
in sufficient time so that discussion could be 
obtained. The procedure would not be 
practical, however, as there was no control 
over the conference papers. 

Others reported that the Association of 
Iron and Steel Engineers and the Penn- 
sylvania Electric Association have been 
requesting authors for some time to furnish 
copies of their papers for distribution. The 
Chairman of the Air Transportation Com- 
mittee, D. E. Fritz, reported that at a recent 
conference in Los Angeles 23 authors out 
of 26 papers on the program made copies 
of their papers available and F. D. Snyder 
of the Textile Industry Subcommittee ad- 
vised that in this field quite a few authors 
did not have facilities for making copies of 
their papers available and the subcommittee 
undertook the project. Authors with large 
companies do not have the problem where 
the company foots the bill but individuals 
have considerable difficulty where an outlay 
of $30 or $40 might be required. Still 
another suggestion was made to the effect 
that authors should supply the chairmen of 
committees with 20 copies of their papers 
so that they might be distributed for dis- 
cussion. The suggestion was made by 
B. J. A. Skrotzki that in order to prevent a 
wasteful distribution all authors of con- 
ference papers should be required to submit 
their papers to the Papers Desk so that 
they could be distributed one to a person. 

In conclusion, Dr. McEachron appealed 
to the presiding officers of technical sessions 
to see that the questionnaires are answered 
by the authors of all conference papers. 


DIVISIONAL ORGANIZATION 


To introduce the subject, M. D. Hooven, 
Chairman of the Planning and Co-ordination 
Committee, explained that he had sent a 
letter on October 2 to past, present, and 
future committee chairmen to obtain views 
on how best to formalize and codify Di- 
visional operation under the expanded 
technical committee organization. The 
letter stemmed from the discussion at the 
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Toronto forum. The replies indicated that 
there was unanimity in certain areas and 
varying views in others. 

Practically everyone favored Divisional 
operation. With respect to election versus 
Presidential appointment of committees 
there was general agreement that the present 
method of recommending the personnel 
to the President for appointment by him 
satisfied the democratic process. As the 
functions of the Technical Program Com- 
mittee and the Technical Advisory Com- 
mittee were both administrative, one ar- 
ranging programs and papers, the other the 
scopes of technical committees, there was 
strong opinion that these two committees 
should be combined as a top committee. 
Some suggestions were received to the effect 
that the liaison or representation between 
the Board of Directors and the technical 
committees should be strengthened but this 
subject was not explored fully. 

In discussion of the matter, there was 
general agreement that a top level com- 
mittee should be established but in respect 
to how this committee might be tied in 
with the general committees of the Institute 
most technical committee chairmen were 
not in a position to give advice. As to 
whether the Planning and Co-ordination 
Committee also should be considered in the 
structure, Chairman Hooven corrected a 
misimpression by explaining that this com- 
mittee was not a link between the technical 
divisions and the Board of Directors but a 
staff committee with problems usually as- 
signed to it by the Board of Directors. A. 
E. Knowlton of the Planning and Co- 
ordination Committee raised the question, 


151 Technical and Conference Papers Presented 
at Fall General Meeting in Cleveland 


Symposium on Polyethylene. Polyethylene 
was the subject of an all-day symposium on 
the first day of the meeting. Nine papers 
were presented in all, and these covered the 
physical and electrical properties of the 
material and how it is used for various 
applications. R. A. Schatzel, Rome Cable 
Corporation, presided over the meeting and 
some interesting discussions took place in 
which representatives from some of the 
leading wire and cable companies as well 
as users of the cables took part. The chief 
purpose of the symposium was to give a 
complete review of what has been done so 
far in the manufacture and use of poly- 
ethylene with a view toward establishing 
industry standards for this material 
eventually. 

The first paper, ‘‘Polyethylene—Mechani- 
cal and Physical Properties,” by A. E. 
Maibauer and N. R. Smith, Union Carbide 
and Carbon Corporation, provided some 
informative background material on the 
nature of this plastic. Compared with 
other plastics such as the phenolics, rubbers, 
and vinyl compounds, the polyethylene com- 
pounds are relatively independent of modify- 
ing agents. Polyethylene is made from only 
one ingredient—ethylene » gas—which is 
made to react with itself to form polymers 
consisting of a relatively large number of 
ethylene units. By controlling reaction 
conditions, molecular weights ranging from 
about 1,000 to 38,000 can be produced, 
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proposed. 


with respect toward splitting-up in divis 
as to whether this was in the best inte 
to preserve the unity of the Institute. 

After much deliberation, the forum pz 
a motion to recommend to combine 
consolidate into one committee the funct 
and scopes of the Technical Program G 
mittee and the Technical Advisory ( 
mittee. The forum also unanimously pz 
a motion to recommend its conti 
which is to be included in the codificatic 


PUBLIC RELATIONS 


Ways of obtaining good publicity 
discussed by G. T. Minasian, Chairma 
the Public Relations Commit 
general, engineers, and particularly e 
engineers, are not good publicity pe 
However, if there were any material y 
would be of value to the public, gen 
engineers, and electrical engineers, t 
is a story to be told. J 

The view was expressed that it woul 
difficult to train engineers to do a good pt 
relations job but professional people ¢ 
be hired. With the aid of the publicity 
progress in local sections had been | 
and on one list there were as many 
people who had been appointed to hi 
publicity in the local sections. Mr. M 
sian suggested that each technical comm 
might appoint one of their represent 
who was publicity-minded to be on 
lookout for material of public relations v, 
and professional help would get dire 
in touch with them in the early stages 1 
sessions were planned and the papers 
submitted. 


Stress-strain data and weathering data 
the material were presented, and in con 
tion with the latter it was pointed out 
about 2 per cent carbon finely disp 
through the material improves its weathe 
characteristics greatly. Some of the 
portant factors to be considered in sele 
the proper grade of polyethylene for a j 
ticular application also were discuss 

“Fabrication, Specifications, and Ap 
tions for Polyethylene,” by W. J. Can 
and N. R. Smith, Union Carbide and 
bon Corporation, was the second paj 
the series and discussed the techniques 
in the fabrication of polyethylene by € 
sion, molding, calendering, and co 
Specifications for high-frequency diele 
colored dielectrics, and grades suitabl 
outdoor exposure were presented; and 
of the more important applications for | 
ethylene were reviewed. Extrusion i 
most widely used process for fabricatin 
material. This is done by forcing the 
softened material through a die by i 
of an Archimedean screw rotating 
horizontal cylinder. Good temperature 
trol is highly important to this proc 
is also the proper design of the die. 
chief use for polyethylene at present 
an insulating and jacketing materi 
wires and cables. In this respect, its pi 
ties make it useful for high-frequency 4 
cations such as coaxial cable as well as 
voltage cables and uses where expost 
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er, chemicals, or corrosive conditions 
be encountered. 

- J. Warner, Federal Telephone and 
lio Corporation, presented a paper 
tled “Physical and Electrical Charac- 
tics of Polyethylene as Influenced by 
aperature and Electrical Stress.2? Mr. 
rer pointed out that polyethylene was 
1 as a dielectric to replace gutta percha 
ubmarine cables as early as 1938, and 
; its excellent high-freauency charac- 
tics were first noted in 1939. He also 
sribed briefly some equipment developed 
measure resistivities of the order of 1021 
1-centimeters, which was needed to 
<€ measurements on polyethylene. One 
he important limitations of this insulating 
erial is corona loss between the copper 
the insulation and within the insulation 
erial itself. This problem seems to be 


ctly related to the fact that the poly- 


ylene contains up to 10 per cent volume 
lissolved air. The dielectric strength of 
material would be increased greatly if 
air could be eliminated. 
‘he use of polyethylene in telephone 
lications was described by Victor Wall- 
Bell Telephone Laboratories, in a 
er entitled ‘Polyethylene for Wire and 
le.” For such application, the cables 
t have a service life of at least 20 years. 
inally, service life was found to be very 
» when exposed to weathering, with 
appearing within 6 months’ time. 
Wallder described some equipment 
for accelerated weathering tests. This 
isted of a carbon arc and water sprays 
ted in a tank in which wire and cable 
imens were hung. It also was found 
crack resistance is related to the molec- 
weight of the base resins. 
be afternoon session of the symposium 
devoted to applications of polyethylene 
arious fields. M. A. Lipton, United 
es Signal Corps Engineering Labora- 
. gave an evaluation of polyethylene 
€ in field wire and cable. His report 
particularly timely, as he had just 
ned from a trip to the Korean battle- 
_where he inspected polyethylene- 
red wires and cables used under battle 
itions, which is the ultimate test for 
military equipment. He also described 
y some of the rigid laboratory tests 
h the wire must undergo to receive 
al Corps approval. 
. A. Del Mar and E. J. Merrell, Phelps 
ge Copper Products Corporation, pre- 
d a paper entitled ‘Polyethylene for 
Cables,” in which they divided the 
ble uses of polyethylene in power wires 
cables under three headings: those 
no appreciable electrical stress; those 
alternating electrical stress; and 
with direct electrical stress. It was 
d out that one must be particularly 
in using a new material to take full 
tage of its good characteristics and 
its weaknesses, and not to treat it 
more familiar materials. In this con- 
on it was hinted that some radically 
cable designs might result from the use 
is material. 
© papers discussed the use of poly- 
ene-insulated cable in power and 
ol applications. P. J. Croft, Canada 
and Cable Company, disclosed a 
of experimental applications being 
in England and Canada, paying 
cular attention to techniques for splicing 
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Members of the 1951 Fall General Meeting Committee, who helped to make this meeting 

so successful, are: (seated) V. A. Diggs, C. W. Fick, Mrs. F. E. Harrell, Mrs. V. A. 

Diggs, D. E. Moat, C. A. Mann; (standing) J. C. Strasbourger, W. R. Hough, F. E. 
Harrell, R. L. Oetting, J. D. Leitch, C. J. Beller, O. N. Jones, and G. R. Canning 


and terminating these cables. J. M. Geiger 
and C. T. Nicholson, Niagara Mohawk 
Power Corporation, described the use of 
polyethylene wire for overhead and under- 
ground street lighting, and also its use for 
control cables in a new power-generating 
station at Dunkirk, N. Y., where about 
750,000 conductor feet of control cable were 
installed. 


“Polyethylene-Insulated Communication 
Cable” was the title of a paper by H. F. 
Wilson, A. L. Meyers, and R. C. Mildner, 
Telegraph Construction and Maintenance 
Company (London, England). In __ this 
paper it was pointed out that besides pro- 
viding excellent electrical characteristics, 
polyethylene makes possible a much lower 
cost wire. Its reduced weight saves time 
and personnel in installation of overhead 
lines, and its maintenance costs are low. 


Industrial Control Session. Four papers 
were presented at the session on Monday 
morning dealing with industrial control, 
over which J. A. Cortelli, Clark Controller 
Company, presided. The first paper by 
G. W. Heumann, General Electric Com- 
pany, was entitled “High-Voltage A-C 
Motor Controllers.” The controllers con- 
sidered in this paper were those operating 
on power systems with nominal voltage 
ratings of 2,400 or 4,160 volts. Class-A 
controllers with backup protection only 
would permit an amount of short-circuit 
energy to flow through the controller. 
Today’s trend is to recognize the necessity 
of designing high-voltage controllers with 
high interrupting capacity so that the con- 
troller itself interrupts faults between the 
controller and the motor without damage 
to the controller and branch circuit. Class- 
E controllers are of two types: both employ 
the main power contacts of the controller 


for starting and stopping the motor but ~ 


class-E7 uses these contacts for interrupting 
short circuits whereas class-E2 employs 
fuses for this purpose. The former type 
has been greatly improved in the last 30 
years, especially those contactors which 
function in air. 

L. J. Goldberg, General Electric Company, 
in his paper, “A New 5,000-Volt Air-Break 
Contactor for Industrial Service,” further 
described the structure and theory of opera- 
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tion of the air contactors referred to by the 
previous speaker. 

The next speaker, T. H. Bloodworth, 
Allis-Chalmers Manufacturing Company, 
presented “High-Voltage Air Break Con- 
trollers,” discussing the relative merits of 
air and oil contactors, and giving a detailed 
description of the action of arcs in different 
forms of runners and chutes with their 
advantages and disadvantages. 

The final paper of the session, “Low- 
Current Interruptions of High-Voltage Air- 
Break Contactors,’ was given by C. A. 
Lister, Electric Controller and Manufactur- 
ing Company. Factors affecting low-cur- 
rent interruptions of circuit breakers were 
explained and then the results of tests; 
these showed that with power factors below 
1, the interrupting time with arc transfers 
was between 7 and 9 cycles and without arc 
transfers, the time was between 1/4 and 
1 cycle. 

It was brought out in the ensuing discus- 
sion that interrupting low-current circuits, 
such as that of a running motor, are inter- 
rupted easily with a time of 1/2 cycle or less 
and that more manufacturers should stress 
high-current contactors’ interruptions. The 
d-c components also should be taken into 
consideration as well as the contactor tips. 

The opening paper of the Monday after- 
noon session on industrial control was given 
by R. C. Thompson, Electric Machinery 
and Manufacturing Company, its title 
being “Synchronous Motor Control De- 
sign.” After describing the various steps 
which a synchronous motor follows in starting 
and the operation of the field application 
system, Mr. Thompson discussed under- 
voltage protection and the difference be- 
tween it and undervoltage release. Dynamic 
braking then was discussed and Mr. Thomp- 
son showed that simplicity of design and 
safety of controllers could be furthered if 
there were greater exchange of information 
between the users of the equipment and the 
designer. 

“The Selection of Field Circuit Resistance 
for Synchronous Motors” was presented by 
W. A. Thomas, Case Institute of Technology, 
and O. D. Whitwell, The Clark Controller 
Company, and read by the latter. The 
first portion of this paper contained a brief 
description. of the methods now used by 
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synchronous motor designers to control the 
starting performance and select the field 
discharge resistance. The authors then 
proposed a system whereby the designer or 
user of a synchronous motor could change 
the starting performance through selection 
of the proper field circuit resistance. 

The final paper of the session was given 
by C. E. Robinson and A. P. Di Vincenzo, 
Reliance Electric and Engineering Company, 
and was entitled “Adjustable Speed D-C 
Drives for Deep-Draw Presses; it was 
presented by Mr. Di Vincenzo. The first 
part of the paper was devoted to a descrip- 
tion of the shearing, shallow, and deep-draw 
pressures. This was followed by a descrip- 
tion of the 500-horsepower d-c motor for 
driving a 1,000-ton press and the various 
operating characteristics which have been 
found from this installation. 


System Engineering Sessions. A well-rounded 
symposium organized by the Subcommittee 
on System Economics, with C. W. Watchorn 
of the System Engineering Committee as 
chairman, presented the basic factors in- 
volved in the economic comparison of 
alternative facilities. A series of five papers 
dealt with investment costs, annual carrying 
charges, annual operating and maintenance 
costs, evaluation of energy differences, and 
the time cost of money. A sixth major 
area of this subject will deal with the evalua- 
tion of capacity differences and this will be 
presented at the Winter General Meeting. 

The morning session was introduced with 
an address on “The Growth of the Power 
Industry in the U. S. A.” by E. L. Lindseth, 
President, Cleveland Electric Illuminating 
Company. Mr. Lindseth stressed the im- 
portance of activities at-the present time in 
view of the extremely rapid growth of the 
power industry and the national emergency. 
He pointed out that if the power industry 
grows in the next 30 years as much as it 
has in the past 30 years there would be a 
sixfold increase in generating capacity, about 
$150;000,000,000 investment in property 
and plants, and residential customers would 
increase about fivefold. By all odds, the 
power industry would be the largest industry 
in America. This phenomenal growth 
would take more engineers and more skill, 
particularly in the executive and manage- 
ment end of the business, which is very 
significant because there already is a shortage 
of engineers. He pointed out that technical 
skill and executive skill are two different 
requirements and that technical engineering 
training does not assure management 
competence but rather seems to mitigate it. 
He raised the question as to how many 
engineers today are meeting this challenge 
and training themselves to develop manage- 
ment competence. In conclusion, he 
pointed out that the first need today is for 
general and executive managers and that 
in the years to come the need for this 
competence will increase five- or tenfold 
from what it is at present. 


The symposium was organized to investi- - 


gate the feasibility of generally standardizing 
sound methods of making economic com- 
parisons. The need for such standardizing 
is demonstrated by the marked divergence of 
methods found in the literature. One of 
management’s most difficult problems is 
making the decisions between alternative 
proposals for plant installation. For ex- 
ample, should the next turbogenerator be 
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of maximum efficiency obtainable or is the 
greater fuel consumption of a slightly less 
efficient unit offset by its substantially lower 
first cost? The sole objective of economic 
comparison is to supply estimates of the 
“upkeep” of alternative facilities—the com- 
parative effect of alternative plans on future 
revenue requirements. 

The first step in such problems is ordinarily 
an estimate of the capital investment in- 
volved and this was brought out in a con- 
ference paper entitled “Investment Costs for 
Use in Economic Comparison of Alternate 
Facilities” by F. L. Lawton of the Aluminum 
Laboratories, Ltd. The second step, the 
upkeep, associated with each proposal is 
conveniently estimated as an average annual 
percentage of the capital investment or 
“first cost.” Four major categories of these 
annual costs are as follows: 

1. The annual carrying charges returned 
on the investment, depreciation, taxes, and 
insurance, and the nature of such costs 
together with appropriate methods of 
estimating them, were presented in a paper 
by P. H. Jeynes, of the Public Service 
Electric and Gas Company, entitled ““Annual 
Carrying Charges in Economic Comparisons 
of Alternative Facilities.” 

2. The costs. of operation and main- 
tenance exclusive of generating costs were 
presented by W. E. Slemmer, | Ebasco 
Services, Inc., in a paper entitled “Operating 
and Maintenance Costs for Use in the 
Economic Comparison of Alternative Facili- 
ties.” 

3. Costs of generating the energy (kilo- 
watt-hours) associated with each plant was 
presented by A. P. Fugill, The Detroit 
Edison Company, in a paper entitled 
‘Evaluation of Energy Differences in the 
Economic Comparison of Alternative Facili- 
ties.” 

4. The annual costs of plants required 
to supply the power (kilowatts) associated 
with each plan is to be the subject of a future 
paper to be presented at the Winter General 
Meeting under the title of “Evaluation of 
Capacity Differences in the Economic 
Comparison of Alternative Facilities.” 

The arithmetic of economic comparison 
is just as definitive and rigorous as Ohm’s 
law. It is difficult to anticipate future 
rates of return, average life of equipment, 
tax rates, and fuel costs, just as it is difficult 
to estimate future loads, load factors, and 
power factor. Once the necessary estimates 
have been made, there is no question with 
respect to the proper arithmetical develop- 
ment of the cost comparison. Up to the 
present, literature has not provided an 
authoritative method of economic analysis 
and the Institute was fortunate in having 
one who is an engineer and also an ac- 
countant make the first effort. This was a 
paper by P. H. Jeynes entitled “Present 
Worth, or the Time Cost of Money, as a 
Factor in the Economic Comparison of 
Alternatives.” 

R. D. Goodrich, Jr., United States Bureau 
of Reclamation, presented a paper on a 
universal power circle diagram. Professor 
E. T. B. Gross said that the diagrams in 
this paper represented a great step forward 
compared to circle diagrams of 30 years 
ago, They were also considered an im- 
provement from an academic point of view 
and the method has enabled evaluation of 
losses very quickly and accurately. 
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The last paper, by W. E. Enns of Pa 
General Electric Company, presen 
title only, was on a simple new resis} 
type a-c load flow board. ‘ 

Among the several discussions, fre 
reference was made to an article on “G 
tions Controlling the Economic Sele 
of Prime Movers” by B. G. A. Skr 
AIEE Transactions, volume 63, 1944, 
1099-1108. M. J. Steinberg expl 
that the Skrotzki paper was fundan 
and academic and that it was impe 
to take into account all of the variab 
the field was very broad. P. H. J] 
suggested disregarding Mr. Steinber 
mark that the paper was academii 
pointed out that the equations were 
practical, E. E. George drew attenti 
the value of setting up estimates so that 
might readily be compared with constry 
costs. E. L. Michelson pointed ou 
the time comes when one must tak 
account the long-range development 
system which involves many factors inel 
the reliability. In discussing the evalu 
of energy differences, G. D. Floyd ¢ 
Hydro-Electric Power Commission of 
tario brought out that the methods | 
used for hydro plants would have ~ 
different from those for thermal f 
W. R. Brownlee raised the questic 
procedure in the case where a site 4 
not be purchased until ten years hence 

Several discussers urged that a com 
or working group should further ar 
and integrate the ideas expressed 
papers with a view toward standarc 
sound methods of making economic 
parisons. A. E. Knowlton pointec 
that there are three good reasons for a d 
of standardization. First, investors i 
enterprise should know that their 2 
will be spent as wisely and as advantage 
as possible. Second, the man 
should know how the criteria for compet 
selection of apparatus and an eco 
work basis differ from company to com 
Third, the rate payers and regu 
authorities should have the informati 
obtain uniformity in judgment on th 
of the regulated utilities in making exf 
tures that have to stand the test of pi 
One or two of the discussions mis: 
point that the symposium was or; 
only to investigate the feasibility of ge 
standardizing sound methods of 3 
economic comparisons and that ii 
nothing to do with the subject o 
making. None of the papers relate 1 
problems and P. H. Jeynes pointed o 
the failure to distinguish between acc 
rate procedures and factual cost b 
has been recognized as a major sol 
error in making economic comparis¢ 

Conference on the Selection of Cireu 
Lamp Designs to Conserve Critical M 
E. H. Salter, Electrical Testing L 
tories, was chairman of the session at 
three conference papers were pre 
The first paper, “Lamps and Aus 
for Material Conservation and Econ 
Lighting,” was presented by J. H. Ca 
and E. A. Lindsay of the General ! 
Company. Recommended practices 
illumination levels in industrial — 
were reviewed and the increases in bo 
candle levels and in watts per squa 
of lighted areas to produce these leve! 
discussed. The consideration of 
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ent, high-intensity mercury and fluo- 
ent lamp-operating requirements led to 
conclusion that economies can be 
ted through analyses of lamps, lamp 
its, and supply system variables. Com- 
sons were made on the basis of copper 
kilovolt-ampere for equal illumination 
s. Marked conservation of critical 
erials was indicated through the use of 
her voltage or higher frequency supply 
ems. 

Electric Distribution and Control for 
ting Systems” was the subject of the 
er presented by R. N. Bell and W. H. 
nler, Westinghouse Electric Corporation. 
dern trends were analyzed in power 
ibution and control for lighting loads 
Mdustrial installations and consideration 
given to lighting with incandescent, 


ell as to the various means of distribution, 
ching, and control. Five system ar- 
sements were investigated and compared 
the basis of relative cost and copper 
tent. It was indicated that the invest- 
at in distribution system for supplying 
ting loads can be reduced considerably 
nstalling a combined power and lighting 
agement in which the lights are supplied 
ly from the 460-volt supply to the 
ting load. 

ohn Bos, of John Bos and Associates, 
“Economics, Operating, and Control 
perience with 480/277-Volt Lighting 
ems.” He described a typical high- 
age distribution system for lighting and 
ed data comparing this with the more 
al low-voltage distribution system. This 
ysis showed savings amounting to 
-00 per kilovolt-ampere for the higher 
age system, materials conservation of 
pounds per kilovolt-ampere for copper, 
10.4 pounds per kilovolt-ampere for 
I. The problem of adequate fuse 
ection for lighting equipment at these 
ages was discussed. 


ion on Insulated Conductors. In a Tues- 
afternoon session presided over by C. 
atcher, Consolidated Edison Company 
New York, three papers relating to 
lated conductors were presented. The 
of these, by Henry Dupre, Burndy 
pineering Company, was a discussion of 
ne of the problems involved in the design 
connectors for aluminum cable which, 
ause of shortages, is coming into more 
amon use. ‘Three important points make 
design of insulated aluminum cable 
erent from that of copper cable: the 
st of differential expansion where dis- 
ilar metals are used; the effect of corro- 
n where an electrolyte is present; and 
effects of cold flow of the aluminum. 
ce these have been considered, the design 
fittings for aluminum is no more of a 
blem than for copper. 
XA. S. Mickley, Philadelphia Electric 
mpany, gave a paper entitled “Thermal 
ductivity of Moist Soil,” in which he 
lained the importance of this property 
soil to electrical engineers calculating 
gs of underground cables. He pre- 
ed a theory of thermal conduction in the 
posite soil, air, and water based on the 
mption that the soil can be regarded 
a unit structure containing a solid mono- 
of prescribed shape. While this and 
ie other assumptions are limitations to 
theory, it is possible to calculate the 
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-intensity mercury and fluorescent lamps, 


thermal conductivity of a soil with a reason- 
able degree of accuracy for most purposes 
with only the dry density and moisture con- 
tent known. Mr, Méickley’s calculated 
values agreed remarkably well with measured 
values. 

“Forced-Air Cooling for Station Cables,” 
by E. W. Burrell, A. J. Falcone, and W. J. 
Roberts, Consolidated Edison Company of 
New York, described the design and applica- 
tion of a forced-ventilation system to increase 
the generator outlet capacity of a modernized 
station. In this method, air is taken from 
the outside through filters by a blower 
which in turn discharges through suitable 
duct work into a header feeding individual 
ducts. While such a system generally 
would not be suitable for new station design, 
it does, in many cases, offer an economical 
solution to the problem of eliminating rating 


limitations existing in cable installations . 


where special restrictions are imposed. 


Insulation and A-C Machinery Session. A 
variety of subject matter was presented in a 
Tuesday afternoon session of six papers on 
the subject of insulation and a-c machinery 
with L. J. Berberich of Westinghouse Electric 
Corporation presiding. The first paper, by 
J. S. Johnson of Westinghouse, dealt with 
basic studies in connection with the nature 
and method of detection of slot discharge 
phenomena in high-voltage stator windings. 
The development of a discharge analyzer 
and the employment of radio-frequency and 
audio-frequency methods using a standard 
noise meter was described. The methods 
employed involved shutting down the 
machines and using a testing transformer. 
The second paper, by J. S. Johnson and 
Mead Warren of Aluminum Company of 
America, dealt with the subject of detection 
of slot discharges in high-voltage stator 
windings while the machine is in operation. 
The method employed involved connection 
of frequency sensitive equipment across all 
or part of the neutral impedance. The 


method presented results in test simplifica- 
tion since it is not necessary to shut the 
machine down or provide an external 
source of test voltage. In the discussion, 
questions were raised in regard to the safety 
of anyone near the machine and the authors 
explained that proper safety precautions 
should be taken by using high-voltage fuses 
and testing the bars isolated while the 
machine is running. 

In a third paper, D. S. Babb and J. E. 
Williams of the University of Illinois pre- 
sented ‘Network Analysis of A-C Ma- 
chine Conductors” which showed that the 
impedance-frequency characteristics of com- 
plicated conductor and slot shapes can be 
determined with acceptable accuracy using 
a relatively simple network. The central 
network arranged to a model gives a satis- 
factory general solution much quicker and 
five hours of calculations are reduced to 
about 11/2 hours’ time. 

Two papers were presented by title only 
which dealt with the characteristics, per- 
formance, ratings, and requirements of 
motors for oil-well pumping units. One 
of the papers, by J. N. Poore of the General 
Electric Company, particularly referred to 
beam pumping of individual wells which 
constitutes about 90 per cent of the cases 
where artificial lift is applied. Most of the 
discussion by B. L. Moore of the Phillips 
Petroleum Company and C. H. Eckel of 
the Humble Oil Refining Company centered 
about the need for higher voltage motors, 
440 volts to 2,400 volts, as recommended 
in a paper by Mr. Halderson, Phillips 
Petroleum Company, for motors larger than 
25 horsepower in order to save in conductor 
size because the trend is toward the wider 
spacing of wells. 

The last paper was by Sterling Beckwith, 
Allis-Chalmers Manufacturing Company. 
It described the design and performance of 
a 2-pole 3,600-rpm generator capable of 
supplying a zero time equivalent 3-phase 


Lehigh Valley Section 


Holds Dinner Meeting 


Miss Vivien Kellems, Connecticut industrialist who has waged a long fight against the 
Federal Withholding Tax Law, was guest speaker at the Annual Ladies’ Night Dinner 
Meeting of the AIEE Lehigh Valley Section held in Wilkes-Barre, Pa.,on October 12. 
Miss Kellems is one of eight women members of AIEE. In her talk entitled “Toil, Taxes, 
and Trouble,’ Miss Kellems declared that increasing tax levies are contrary to the 


fundamentals of our Constitution and will lead the country to ruin. 


In the front row, 


left to right, are Mrs. S. D. Henry; Mrs. R. D. Evans; Roy E. Morgan; Miss Kellems; 


R. D. Evans, Wilkes-Barre Division Manager; and Mrs. D. A. Campbell, Jr. 


Standing: 


S. D. Henry, Easton Division Manager; J. H. Black, Vice-Chairman; H. E. Charles; 
W. C. Seymour, Secretary-Treasurer, Mrs. W. C. Seymour; and D. A. Campbell, Jr., 
Vice-Chairman 
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short-circuit current of 1,280,000 kva rms 
symmetrical. The design represents a new 
departure in large short-circuit testing 
generators in this country which heretofore 
had been built with speeds comparable with 
- those of synchronous condensers with salient 
poles in the order of 10 to 16 poles. The 
design takes advantage of a principle long 
recognized that 2-pole machines have 
inherent reactance which is far below that 
of machines with salient poles. Low re- 
actance was obtained by using a forged and 
slotted cylindrical rotor which permits 
higher peripheral speed and therefore longer 
pole pitch. High-speed motion pictures of 
1,000 to 1,500 frames per second illustrated 
the relative motion of the stator coil ends 
under short-circuit tests. The machine 
has been installed and has been operating 
satisfactorily for a period of time. 


D-C Machinery Session. A session on d-c 
machinery on Wednesday morning was 
presided over by Lanier Greer, Reliance 
Electric and Engineering Company. The 
first of the three papers, “Standard Tem- 
peratures of Reference for Efficiency Cal- 
culations,” was given by P. L. Alger, General 
Electric Company. Mr. Alger proposed 
that the present standard temperature of 
75 degrees centigrade used in determining 
PR losses in efficiency calculations of 
electric machines and transformers is in- 
adequate in view of the marked differences 
in operating temperature associated with 
the A, B, and H classes of insulation. He 
proposed that the standard reference tem- 
peratures be revised to 75, 100, and 140 
degrees centigrade for typical class-A, 
class-B, and class-H machines respectively. 
An alternative method would be to use 20 
degrees centigrade plus the guaranteed 
temperature rise by the resistance or em- 
bedded detector method. 

A conference paper by W. A. Thomas, 
Case Institute of Technology, and R. J. 
Horvat, Auburn Engineering Company, 
offered a new method for measuring the 
rotor temperatures of electric machinery. 
A thermistor is used as the temperature 
sensitive device. This is imbedded in the 
windings, and leads are brought out through 
slip rings to a Wheatstone bridge type 
measuring circuit. Calibration curves can 
be obtained for the thermistor by standard 
methods giving temperature as a function 
of resistance. Accuracy of better than +1 
degree centigrade can be obtained because 
of the large negative temperature coefficient 
of resistance and because the relatively 
high resistance of the thermistor reduces 
circuit error. 

A second conference paper, prepared by 
A. G. Darling and T. M. Linville, General 
Electric Company, was a report of the Sub- 
committee on D-C Machinery of the AIEE 
Committee on Rotating Machinery. The 
paper was titled “Rate of Rise of Short- 
Circuit Current of D-C Motors and Gen- 
erators,” and it represents the completion 
of a project the subcommittee has been 
carrying on for several years. It deals 
particularly with fault current analysis 


and, because the armature current of a d-c - 


machine is alternating, it puts the language 
of these machines in terms of per unit and 
cycles. 

This paper was, in addition, an effort to 
summarize previous papers on the subject, 
but Mr. Linville pointed out that much more 
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work is to be done on transient performance 
of d-c machines. 


Panel on Co-ordinating Safety in Design with 
Field Operating Conditions. 

In his opening remarks to the panel, 
Hendley Blackmon, Westinghouse Electric 
Corporation, the chairman of this session 
held Wednesday morning, spoke about the 
necessity of keeping the idea of safety fore- 
most in almost any plan of industrial 
planning. While improvements in country- 
wide safety measures have reduced the 
accident occurrence rate to 10 accidents per 
million man-hours of work and a fire every 
8 minutes, even these figures should be 
reduced. He stressed that the proper 
design of apparatus is the first line of safety. 

C. E. Ganther, Cleveland Electric Ilu- 
minating Company, the moderator of the 
panel, before introducing the members of 
the panel, said that accidents were due in 
the main to a wrong combination of equip- 
ment, design, and men. 

The first panel member, T. H. Cline, 
Newark Stove Company, spoke about the 
design of domestic and commercial equip- 
ment. Purchasers of electric appliances 
used in the home expect efficient operation, 
good looks, and safety. Such devices 
which are used by anyone must be considered 
as unlike other apparatus used by trained 
personnel, and so it must be designed to take 
rough treatment of all sorts. The design 
engineer must maintain a balance between 
manufacturing economy and safety. The 
importance of laboratory and field testing 
must not be overlooked. 

F. Hamburger, Jr., The Johns Hopkins 
University, discussed field operations of 
domestic appliances. He told about an 
accident caused by an oil burner in an 
apartment house, which upon a field 
investigation was found due to ignition delay. 
There is a great need for better components; 
for example, polarity plugs providing a 
positive ground connection by a 3-pole 
connector. 

Edward Luoma, Reliance Electric and 

Engineering Company, spoke on design 
of heavy industry apparatus. He discussed 
the factors influencing the failure of electronic 
control units. Provision should be made 
in the control circuit for vacuum-tube 
failure; the failure of circuit components 
should be considered, and the quality of 
these parts and their installation is important. 
In addition to these factors of circuit com- 
ponent failure, there is the possibility of the 
failure of the line voltage and, here again, 
this should be a considered factor. The 
purchasing agent of a manufacturer should 
be given a check list showing specifications, 
tolerances, and so forth, which should be 
used as a guide when buying parts. He 
should be given assistance by the sales and 
field engineers and the three.should influence 
the designer of the products. 
_ H. H. Angel, Bethlehem Steel Company, 
in his talk about field operation in heavy 
industry spoke of the need for improved 
design of industrial apparatus with safety 
as a predominant factor. 

i. G. Smith, Consolidated Gas Electric 
Light and Power Company of Baltimore, 
stressed factors of rigid inspection and main- 
tenance of apparatus used by utilities when 
designed with the ultimate idea of safety. 
For example, in transformers there is often 
insufficient working space provided between 
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- Electric Corporation dealt with the hazai 


_ the developments of several types of 


primary and secondary; circuits are 
always properly identified; climbing sp 
is often inadequate, and so forth. He aj 
dealt with the safety factors involved in 
arrangement of equipment in generat 
plants and substations, apparatus 
indoors and outdoors because of the deg 
of the equipment in which safety factors h 
not been sufficiently considered. ; 

W. D. Brown, Duquesne Light Compa 
spoke from the system operating viewpoi 
With the safety of personnel in mind, th 
should be better correlation between eq) 
ment designers and construction men bef 
deciding upon design specifications as th 
are many small things which should 
considered. For example, clearance 
needed to check phasing, circuits should 
identified, disconnect points are need 
and so forth. ‘ 

In the discussion following, it was broug 
out that co-ordinators are needed so f# 
designers of equipment and its users ¥ 
each understand the other’s probley 
Mechanical and electrical standards ha 
been set up and safety factors should 
incorporated in the standards as well, 7 
question also was raised about what ¥ 
being done by the engineering profession 
make safer installations of equipment in 
home. It was brought out that a gr 
many of the hazards of unsafe installatic 
were recognized by engineers, but becat 
of local laws and rulings they were powerles 
to rectify the conditions, as local politi 
entered too much in the picture. ‘ 

An urgent request was made by } 
Blackmon that anyone with safety proble 
and ideas for improving safety conditi 
write to him and that he would bring it 
the attention of the Safety Committee, 


Session on Power Generation. The 
aspects of this important subject we 
presented Wednesday morning in four con 
ference papers sponsored by the Commi 
on Power Generation with H. R. Harris 
The Detroit Edison Company presidi 
The first paper which was presented de 
with ‘Fire Protection in Electric Statioz 
by H. A. Bauman and W. E. Rossnaj 
Consolidated Edison Company of J 
York, Inc. This paper appears in full 
pages 1040-45 of this issue. The sul 
treated from the aspect of prevent 
through the proper design as well as 7 
equipment for fire fighting and the € 
periences with several different kinds 
fires on the Consolidated Edison Sys 

The second conference paper pre 
by W. W. Satterlee of the Westingho 


of fire and explosion and their reduct 
through developments in transformer desi 
The author illustrated with colored sl 


formers from the early days up to the 
time including several forms of clas 
transformers and vapor-cooled transform 
in which all the atmosphere inside is m 
combustible. 
“Relation of Transformer Design 
Fire Protection,” by E. D. Treanor 
L. C. Whitman of the General Elec 
Company, was presented by Mr. Treai 
The method of approach used by 
authors was to test the components of ¢ 
type transformers and the authors analy 
the results of standard American Society 
Testing Materials tests and some additic 


ELECTRICAL ENGINEER! 


, and -H insulation. Conclusions were 
awn from the results of the tests in respect 
both the open-type and sealed-type of 
ly transformers. 

fin the last paper, the theory of water- 
ray fire protection was given for the 
St time by K. P. Jones and Dawson Powell 
j the Grinnell Company, Inc. Water 
ays do not cover the fire but dilute the 
pors. Motion pictures of extinguishing 
ferent kinds of fires were shown by both 
& Grinnell Company and The Detroit 
ison Company. 

|Television and Aural Broadcasting Systems 
pston. One technical and three conference 
pers were presented at the session at 
hich I. J. Kaar, General Electric Company, 
s chairman. The opening paper, pre- 
ted by A. F. Giordano, Allen B. Du Mont 
boratories, Inc., was ‘“‘Blocking Oscillator 
sign Considerations in the Television 
ceiver.” (See pages 1050-55 of this issue 
this paper’s complete text.) 

V. Little, Radio Corporation of 
erica (RCA), presented ‘“‘Systems and 
juipment for Theater Television.” At 
= present time 25 theaters are equipped 
h television projection facilities and 
in the next few months over 100 more 
expected to be so equipped. At the 
pment there are no established standards, 
t some will be sought next February when 
= Federal Communications Commission 


After discussing the various methods of 
‘ge-screen projection, the speaker de- 
ibed the RCA system. A _ Schmitt 
tical system is employed in conjunction 
a 7-inch projection cathode-ray tube, 
pe 7NP4. A throw of 62 feet from pro- 
tor to screen is necessary to fill a 15- by 
foot screen, although the present appa- 
s can be used in theaters where any 
gth throw between 40 and 70 feet is 
ssible. 

‘Video Switching Problems’? was the 
bject discussed by John Brush, Allen B. 
Mont Laboratories, Inc. He explained 
the video switching operator must be 
e to switch from one scene .to another 
d the methods by which this is performed: 
ding, lap dissolve, montage, wipe-on, and 
forth. The switching can be direct or 
irect but, whichever it is, there should 
a synchronous control for the switching. 
he final paper of the session was given 
C. J. Hirsch, Hazeltine Electronics 
poration, entitled ‘““Recent Advances in 
blor Television.” The speaker described 
= constant-luminance system for the 
Asmission of color pictures in which the 
formation on the color subcarrier does not 
ect the picture brightness; then he 
cussed the oscillating color sequence, a 
tem in which a reversal of the color 
yuence permits the eye to cancel out errors 
color due to misphasing. 


Industrial Power Systems Session. On Wed- 
sday afternoon a session was held in 
lich five papers on industrial power systems 
re given. The first of these, “Equivalent 
mtinuous Current for Groups of Variable 
ads,” by W. K. Boice, General Electric 
mpany, described a method for calculat- 
¥ a continuous current value which is 
uivalent to the load presented by a number 
independent loads with diverse magnitudes 
d load patterns. e method is par- 
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jts on representative samples of class-A, 


ticularly suitable for such loads as resistance 
welders, arc welders, looms, presses, and 
elevators, which follow a fairly definite 
pattern so that an rms current for each 
load can be evaluated over one typical 
repetition of the load pattern. The standard 
deviation (the rms of all random deviations 
from the average load) is calculated for 
each load, and from these the total standard 
deviation is computed. By means of a 
simple formula, the total standard deviation 
is combined with the average total current 
to give the value for equivalent continuous 
total current. 

A paper by W. H. O’Connor, Consolidated 
Gas Electric Light and Power Company of 
Baltimore, and H. D. Ruger, Bethlehem 
Steel Company, described an unusual use 
of standard relays on the 33-kv tie feeders 
between a substation of the Baltimore power 
company and a steel plant. The features 
of the system are essentially instantaneous 
differential protection for the feeders even 
though they are tapped at three inter- 
mediate points; overload protection on the 
basis of emergency carrying capacity of the 
tie feeders; transfer tripping (because of 
the possible operation of the steel company’s 
system without a source of zero sequence 
current); and backup overcurrent pro- 
tection in case the steel company’s main 
circuit breakers should fail to clear a fault. 

The electric power distribution system of 
the Lewis Flight Propulsion Laboratory of 
the National Advisory Committee for 
Aeronautics, located in Cleveland, was 
described in a conference paper by K. D. 
Brumbaugh. This laboratory has several 
large wind tunnels in operation as well as 
numerous smaller test stands or cells for 
research on component parts of propulsion 
systems. The unique nature of this installa- 
tion presented its designers with a number 
of unusual electrical problems, not the least 
of which is demand scheduling, which in- 
volves cutting large blocks of power in and 
out of the system. 

Another unusual distribution problem is 
that of supplying power to the ore loading 
and unloading dock on the Great Lakes. 
Some of these systems were described in 
a conference paper by J. C. Ponstingl, 
Westinghouse Electric Corporation. In 
these installations the load consists of many 
very high peaks which occur when the ma- 
chines are lifting ore. 

Roy H. Whaley, Eli Lilly and Company, 
described an arrangement whereby his 
company, a pharmaceutical manufacturer, 
bought steam from the public utility to 
generate its own power. The company’s 
generation facilities are paralleled to those 
of the utility, and the combined operations 
of the two systems are advantageous to both 
the industry and the utility. The steam 
passes through a 1-mile tunnel from the 
utility to the company, where it drives 
noncondensing turbines. ‘The steam then is 
used for heating and for processing in the 
plant. The advantage of this particular 
arrangement is that the pharmaceutical 
manufacturer is free from coal and ash 
handling, as a high degree of cleanliness 
must be maintained; and the parallel 
connection with the utility provides extra 
insurance against power failure. 


Session on Transformers. Seven papers were 
presented Thursday morning with F. J. 
Vogel of the Illinois Institute of Technology 
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and Chairman of the Transfermer Com- 
mittee, presiding. J. A. McDonnell and 
H. E, Crabtree, General Electric Company, 
presented a paper on the evaluation of butyl 
insulation for outdoor instrument trans- 
formers. The authors concluded that the 
molded butyl compound has been found 
applicable to low-voltage (600 volts and 
below) outdoor instrument transformers 
which represents an additional advance in 
the use of this new insulation. 

In another paper, S. Bennon of the 
Westinghouse Electric Corporation gave a 
practical method of analysis which permits 
the design of the closed core reactor with 
engineering accuracy. The paper also in- 
dicated the value of a closed iron core 
reactor as a source of fundamental reactive 
kilovolt-amperes. 

A paper entitled “‘Overvoltages in Satura- 
ble Series Devices” by A. Boyajian and G. 
Camilli, General Electric Company, was 
presented by Mr. Boyajian. E. C. Wentz 
of the Westinghouse Electric Corporation 
brought out that some previous work of a 
similar character had been done by himself 
and Mr. Speight. The authors did not 
know of this work at the time of doing their 
work. 

Among several reports presented by J. E. 
Clem for the Transformer Committee, the 
report on transformer magnetizing current 
and its effect on relaying and air-switch 
operation evoked considerable discussion. 
L. R. Janes of the Public Service Company 
of Northern Illinois took exception to Part 3 
of the report in respect to the use of air 
switches to interrupt the magnetizing current 
of a transformer. This part of the report 
failed to take advantage of the results in a 
paper entitled “Interrupting Ability of 
Horn-Gap Switches” by S. E. Andrews, 
L. R. Janes, and M. A. Andersson, Public 
Service Company of Northern Illinois, 
which was presented at the 1950 Summer 
and Pacific General Meeting in Pasadena 
and published in AIEE Transactions, volume 
69, part II, 1950, pages 1016-27. Pro- 
fessor E. T. B. Gross endorsed Mr. Janes’ 
criticism of the report. 

Another paper, “Insulation Co-ordination 
and a New Line of Oil Insulated Potential 
Transformers” by Mr. Vogel and D. R. 
Laib, Allis-Chalmers Manufacturing Com- 
pany, which was presented by title only, 
was widely discussed. Mr. Camilli be- 
lieved the design similar to an early one of 
1943. He cited other data in a paper by 
Montsinger and Vogel in 1924, as well as 
cable experience, to the effect that solid 
insulation was as satisfactory as well- 
ventilated insulation if properly processed. 
The discrepancies between what insulation 
was required to do and the tests now re- 
quired were emphasized by Mr. Seeley who 
suggested that some further action should 
be taken. Attention was also drawn to 
work by the Germans in the 1920’s by both 
Mr. Wentz and Professor Gross. 

In still another discussion, I, W. Gross 
called attention to the fact that the paper 
was not so much one on potential trans- 
formers as an entering wedge to reduce 
tests. He cautioned that transformers had 
to stand 60-cycle voltages to ground con- 
tinuously for 30 or 40 years. He cited that 
European transformer failures were as high 
as 3 per cent a year and wondered if this 
was due to lower 60-cycle test voltages. 

In the closure, Mr. Vogel stated that the 
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“oil-poor transformer” was not the real 
subject but that the insulation was the con- 
sideration. He explained that the data by 
Monisinger and Vogel were now super- 
seded and that ventilation leads to safer 
- and more capable design. With respect to 
present 60-cycle tests, Mr. Vogel pointed 
out that they were set up in the days of 
Steinmetz and Lamme or earlier and the 
considerations then were unknown. In 
general even when lightning, switching 
surges, thermal instability, and corona were 
not very much understood the use of the 
tests as design criteria had worked fairly 
well. They were not always complete as 
some cases of both types of failure can be 
found. 


Session on Recording and Controlling Instru- 
ments. Five papers were given on Thursday 
morning in a session sponsored by the 
Committee on Instruments and Measure- 
ments and presided over by P. A. Borden, 
The Bristol Company. <A conference paper, 
“Electronic Recorder with Range and 
Precision Adequate for the Platinum Re- 
sistence Thermometer,” was given by A. J. 
Williams, Jr., Leeds and Northrup Company. 
This device is a highly precise instrument 
capable of unattended operation with a 
precision of 0.001 ohm, which is equivalent 
to 0.01 degree centigrade. Among the other 
features of the device are automatic changing 
and recording of decade resistors, compensa- 
tion for expansion of the recording chart, 
and an exceedingly small zero offset of the 
null detector. 

The basic requirements of a d-c null 
detector were discussed in a paper given by 
F. L. Maltby, The Bristol Company. In 
the apparatus described, the error signal is 
converted to an alternating potential of 
the power frequency by a reversing syn- 
chronous contactor. This voltage is ampli- 
fied and applied to the control winding of a 
2-phase motor which has its reference wind- 
ing continuously energized at the control 
frequency. The sensitivity of the detector 
is largely dependent on the symmetry of the 
reversing switch, the attenuation of the 
amplifier of even harmonics of the operating 
frequency, and accurate phasing of the 
reversing switch, amplifier, and motor. 

A. J. Hornfeck, Bailey Meter Company, 
gave a conference paper in which he dis- 
cussed the use of computing circuits and 
devices for industrial process functions. In 
such applications, computing circuits often 
can increase the response speed and range 
of control devices and instruments. Other 
advantages are that transducers can be 
located remotely more easily, and good 
accuracy can be achieved over a wide range 
of operation. Generally speaking, analogue 
computer circuits are most suited for con- 
tinuous control devices, while digital com- 
puters can be used readily in on-off types of 
controls. 

A precision time-proportioning electronic 
thermostat for temperature control of batch 
processes or small furnaces was described by 
F. A. Ransom, National Bureau of Standards. 
The proportioning feature of the thermostat 


is achieved by applying a sawtooth voltage : 


to the grid of a control tube. The position 
of the sawtooth is adjusted with respect 
to the cutoff voltage of the tube to give the 
desired proportion. Thus, when the error 
signal is zero, the sawtooth voltage is cen- 
tered and the tube conducts 50 per cent 
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of the time. This circuit is capable of high 
sensitivity and has the added advantage of 
having no dead zone at the control point. 

The fifth paper to be presented in this 
session was “Liquid Level Alarm Device,” 
by F. O. Wisman and W. E. Windsor, 
Bendix Aviation Corporation. Developed 
originally to sound the alarm to the drivers 
of passenger busses when the liquid level 
in hydraulic fluid reservoirs went too low, 
the device uses a thermistor mounted in 
the side of the tank and connected in series 
with a battery and alarm device. When 
the oil level drops so low that the thermistor 
emerges into air, the rate of cooling changes 
and the current increases sufficiently to 
operate the alarm. Because of its simplicity, 
this device gives an extremely high re- 
liability, which is essential for the type of 
service for which it was intended. 


Session on Radio Communication. ‘Three of 
the four papers presented at this session 
were concerned with radio communication 
and its effect on transportation. The 
chairman of the session was C. E. Smith, 
United Broadcasting Company, Cleveland. 

The first paper of the session was presented 
by E. M. Mortensen and C. B. Young, 
“A Short-Haul Radio Communication Link 
Channelized by ‘Time Division.” (For 
complete text see pages 1094-99.) 

“Radio Aids to Navigation on the Great 
Lakes” was presented by Commander L. E. 
Brunner, United States Coast Guard. In 
considering radio applied to ship navigation, 
the factor of safety plays an important role: 
“fail-safe”? must be thought of as not impart- 
ing erroneous data even though the equip- 
ment is operating. The reliability of the 
data presented electronically must be con- 
sidered; those which are presented on an 
oscilloscope are more reliable, for example, 
than those which are given to the navigator 
as a meter reading. Data can be sent in 
two ways: one by which the ship’s navigator 
gains the information from a shore station 
and evaluates the information himself, as 
with a ship-borne radio direction finder, 
and the other in which the shore station 
derives the information from the vessel and 
sends it by radiotelephone to the ship’s 
navigator, as data derived from a shore- 
based radar installation. Ship-borne radar 
is used not only as a collision-prevention 
device but also as a navigational aid. Radar 
reflectors located on the shore are of two 
types: passive and active. The former type 
merely reflects the signals back to the ship 
showing as a directional pip on the scope; 
the active type is the Ramark, which is 
essentially a reflector that absorbs some of 
the signal energy and then, after the initial 
impulse is reflected, retransmits some of the 
energy after a fraction of a microsecond, 
and shows on the scope as a series of dots 
following the original pip. 

F. H. Menagh, Erie Railroad, and Ellis 
Jones, Federal Telephone and Telegraph 
Company, presented “VHF Communica- 
tion as Applied to Railroad Operation.” 
Mr. _Menagh described the operational 
functioning of the equipment on the Erie 
lines between New York City and Chicago 
and gave numerous examples of how radio 
facilities between wayside stations and 
moving trains and between the locomotive 
cab and the caboose speeded traffic and also 
were used as an accident preventive. Mr. 
Jones described the equipment for both the 
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‘and the fields of engineering involved” 


mobile and immobile 160-megacycle 2-4 
stations. Although new equipment — 
been developed and installed since 19 
it has been designed so that it can be ¢ 
ployed with the older apparatus. 
The last paper of the session was gi 
by R. H. Herrick, Lorain Teleph 
Company, and W. J. McGerry, Coal 
Ore Exchange of Cleveland; it was enti 
“Radio Communication Speeds Ore Trans 
between Boats and Railroad Cars.” | 
Herrick described the radio equipmeni 
the eight shore stations and those on § 
board. Eight channels in the 2- t 
megacycle range and sixin the 156- to 
megacycle range are used as well as ¢ 
safety channel, which is monitored o 
stantly. The sets are designed for operat 
on 110 volts d-c and any land teleph 
line can be connected to any of the sh 
borne radio stations within a minute. } 
McGerry described the old method of issui 
orders: instructions were telegraphed 
docks at which the vessels had to stop, t 
losing much time. Now instructions 
given to the captains of vessels by radi 
telephone while the ships are long distan 
from their destinations and the pertinent di 
gained sufficiently far in advance hi 
saved much time and money. The speal 
estimated that within the past year | 
Coal and Ore Exchange handled sh 
carrying more than 130,000,000 tons 
commodities and orders were given entir 
by radiotelephone. 


Filter Design Symposium. Four conference 
papers were given on Thursday aftern 
with P. F. Ordung of Yale University 5 
siding. ’ 

F. Hallenbeck, Bell Telephone Labor 
ries, gave an evaluation of the methods us 


lumped circuit filter design. He descril 
the latest technique, called the potenti 
analogue method, in which the desi 
characteristics of a filter are made analog 
to the potential distribution of the char 
located along a conductor or on the plate 
a plane capacitor. 4 

J. G. Linvill, Massachusetts Institute 
Technology, presented an approximati 
method to help simplify the design of 
Beginning with a function of given 
plexity, the method is a cut-and-try appro 
but is combined with systematic thou 
between trials. 

Filters for the higher frequencies y¥ 
discussed in the remaining two papers 
session. J. J. Karakash, Lehigh Uni 
gave a paper on coaxial line filters, des 
the basic types and some-of their prac 
characteristics. M. D. Brill, Bell Tele 
Laboratories, talked about the desi 
the characteristics of rectangular wav 
filters, using for illustration the wavegt 
filters designed for the Bell System’s 1 
coast-to-coast microwave relay network, 


Session on Basic Instruments. Two techi 
and two conference papers were preset 
at the session covering basic instrument 
which J. H. Miller, Weston Electrical Ins 
ment Corporation, was chairman. — 

The first paper, “A General Pur 
Electronic Wattmeter” by D. E. G 
and F. G. Cole of the General Elec 
Company, was read by the former. ~ 
direct-reading wattmeter is capak 
measuring waveforms, such as plate | 
and plate voltage. The current and vol 


urt 
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pints must be isolated, but the d-c com- 
pnents of the current must be kept at the 
fput. The full-scale error is 3 per cent. 
\“A Polyphase Thermal Kva Demand 
eter” was presented by A. J. Petzinger, 
festinghouse Electric Corporation. Using 
2 polyphase ampere demand meter, 
hich was developed several years ago, as 
| basis, voltage compensation was added, 
sulting in a combination polyphase watt- 
bur and thermal kilovolt-ampere demand 
eter, which are independent of each other. 
Irdinarily kilowatt-hours are measured to 
itisfy the rate requirements; relatively 
dom is it necessary to measure kilovolt- 
mpere hours or kilovar-hours. The elimi- 
@tion of this unnecessary information 
mits the two desired quantities to be 
easured by a single device occupying a 
inimum of space. 

S. P. Detwiler of Haller, Raymond and 
own, Inc., presented ‘“‘Phase-Sensitive- 
tector Characteristics.” Characteristics 
the two basic phase-sensitive-detector 
cuits have been evolved and their graphical 
esentation permits circuitry to be designed 
meet specific requirements. The circuit 
sistances and input voltages may be 
djusted to enable operation on the desired 
gions of the characteristics. 

The final paper of the session was ‘“Prin- 
ples of Converter Design. for High-Fre- 
ency Measurements” by D. A. Alsberg, 
ell Telephone Laboratories, Inc. The 
atroduction of frequency converters as a 
itical transmission element into the active 
art of a measuring device for complex 
lectrical quantities provides high accuracies 
er wide bands of frequency and aids 
bstantially in sweep-type measurements. 
ttention must be paid to noise, overload, 
d bandwidth effects to obtain optimum 
esults. It was shown that the dynamic 
ange is increased by obtaining low modula- 
on loss, high input capability, and high 
ansconductance in the converter tube. 
pplication of the design principles discussed 
as resulted in converters operating in the 
equency range of 0.05 to 80 megacycles 
mear to 0.01 decibel and accurate to 0.1 
egree over dynamic ranges of as much as 
0 decibels, ; 


Cathodic Protection Session. A well-arranged 
ession of five papers dealing with the funda- 
hentals, theory, and practices of several 
ompanies and some of the research work in 
athodic protection was held Friday morn- 
g with L. W. Roush, Carbide and Carbon 
emicals Corporation and Chairman of 
he Committee on Chemical, Electro- 
hemical, and Electrothermal Applications, 
residing. The subject was appropriately 
atroduced by R. B. Mears, Director of 
tesearch, United States Steel Company, 
yho gave the first paper on the subject of 
undamentals of corrosion. 

The second paper treated the cathodic 
rotection of subsurface structures and 
yas presented by D. F. Vanderwater of the 
usquehanna Pipeline Company. The im- 
jortance of the problem was emphasized 
hrough realization that it has been esti- 
aated that over 60,000,000 tons of steel 
ré in the ground. The speaker, whose 
ompany has extensive pipeline systems, 
ave several specific illustrations of the 
aethods employed in applying cathodic 
rotection to pipelines under different 
onditions, the degree of protection afforded, 
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and the economic aspects of the problem. 

In another paper, the low-energy measure- 
ment problems in cathodic protection were 
presented by H. N. Hayward and R. M. 
Wainwright of the University of Illinois. 
The authors used methods diametrically 
opposed to those usually employed and 
worked out methods and correction sectors 
for standard instruments which would 
permit measurement in the field of “‘metal- 
to-soil” potentials with more rugged, less 
accurate equipment. 

Another paper which dealt with marine 
applications of cathodic protection using 
graphite anodes was presented by J. P. 
Oliver of the Union Carbide and Carbon 
Corporation. The author discussed several 
different methods of making marine anode 
installations for the protection of both active 
and inactive vessels, the sampling of test 
results, the amount of power required, and 
the economics of installations. He explained 
that cathodic protection only recently has 
been applied to a few small vessels in active 
service and that excellent results have been 
reported. 

The final paper in the session was pre- 
sented by W. C. Light of the General 
Electric Company and dealt with selenium 
rectifiers as a d-c power source for cathodic 
protection. The authors wereR. J. Stam- 
baugh of the Harco Corporation and L. 
Burton, General Electric Company. Mr. 
Light described the characteristics of selenium 
rectifiers and the construction of complete 
units which are usually mounted on poles 
and protected against the sun with special 
hoods and double-wall casings. The stacks 
are hermetically sealed for protection against 
corrosive atmospheres. The stacks are con- 
nected in parallel so that one or more of 
them can be removed and taken to the 
laboratory while the unit is still in operation 
under a reduced output. 

Magnetic Amplifiers Session. A  well-at- 
tended session on magnetic amplifiers was 
held on the last day of the meeting under the 
chairmanship of E. L. Harder, Westinghouse 
Electric Corporation. Two of the five 
papers presented methods for analysis of 
magnetic amplifiers and their characteristics. 
One of these, ““Predetermination of Control 
Characteristics of Half-Wave Self-Saturated 
Magnetic Amplifiers,” by Henry Lehmann, 
General Electric Company, developed a 
semi-experimental method by which the 
nonlinearities of the magnetic core can be 
included in the prediction of magnetic 
amplifier performance. 

L. A. Pipes, University of California, gave 
a mathematical paper entitled ‘“Steady- 
State and Transient Analysis of an Idealized 
Series-Connected Magnetic Amplifier” in 
which he used the methods of nonlinear 
mechanics to obtain expressions for the 
input and output currents in the transient 
and steady state. He also discussed the 
problems of time constants associated with 
the series-connected amplifier. 

J. G. Miles, Engineering Research Asso- 
ciates, Inc., briefly discussed his paper, 
“Bibliography of Magnetic Amplifier Devices 
and the Saturable Reactor Art,” in which is 
compiled all the known published informa- 
tion and, as Mr. Miles put it, misinformation 
that has been published on magnetic ampli- 
fiers. He also described his method for 
classifying the material in the bibliography 
which would make it easier to locate all the 
material on any particular types of circuits. 
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A paper, ‘On the Control of Magnetic 
Amplifiers,’ by R. A. Ramey, Naval Re- 
search Laboratories, had as its subject some 
of the many possible control elements that 
can be used with magnetic amplifiers, such 
as variable resistances, voltage sources, 
rectifiers, reactors, thyratrons, and triodes. 
The use of these elements was illustrated by 
means of a single-core magnetic amplifier, . 
although they are readily adaptable to more 
complex circuits. 

The final paper of the session, ‘““Magnetic 
Amplifiers of the Balance Detector Type. 
Their Basic Principles, Characteristics, and 
Applications,’ by W. A. Geyger, United 
States Naval Ordnance Laboratory, was 
presented by title only for discussion. 


Session on Gas Discharge Tubes and Phenom- 
ena. Advances in gas discharge tubes and 
techniques pertaining to them were covered 
in a session on the final day of the meeting. 
D. E. Marshall of the Westinghouse Electric 
Corporation presided over this session. 

The first speaker was M. J. Reddan, who 
with G. F. Rouse, both of the National 
Bureau of Standards, presented “Cleanup 
of Helium Gas in an Arc Discharge.” After 
describing the experimental work which has 
already been performed on gas cleanup 
by a number of investigators, the design of 
the experimental equipment was described 
from which data were obtained on controlled 
cleanup resulting from the bombardment 
of a tantalum surface by positive helium 
ions. Two types of probe structure were 
used: one was a wire and the other a 
cylinder, both being of tantalum. A correc- 
tion factor was determined by observing 
the rate of cleanup when the conditions of 
operation limited the probe current to a 
negligible value, which rate is referred to 
as self-cleanup. Probe cleanup occurred 
at a rate at least ten times as great as that 
for self-cleanup. The tube was operated 
with a. pulsed negative potential on the 
probe. The quantity of gas disappearing 
was calculated from pressure readings made 
at the beginning and end of a test when all 
parts of the tube were at room temperature. 
This was an interim report of the gas cleanup 
program under way at the Bureau of 
Standards, whose object is the discovery of 
information of value to tube designers. 

“Basis for Dielectric Tests for Rectifier 
Equipment” was presented by C. C. Hers- 
kind, General Electric Company. A drastic 
revision of the rules for determining dielectric 
test voltages was necessitated by the many 
tube types and rectifier equipment developed 
together with the growing application of 
phase control. The test code, ASA C34.1- 
7949, was devised to provide a uniform 
basis for testing rectifier units embodying a 
wide variety of tube types, equipment 
arrangement, and service conditions. The 
paper dealt with the principal factors con- 
sidered in formulating the rules for dielectric 
tests and the general basis for these tests. 

H. D. Doolittle, Machlett Laboratories, 
Inc., presented “The Design of High-Power 
Vacuum Tubes for Industrial Heating 
Applications.” Analysis of tube failures 
from industrial applications show three 
main causes: copper-glass seals do not 
withstand handling by maintenance person- 
nel; spring-tensioned filament structures 
are not too reliable; thin-walled copper 
anodes will not stand occasional overloads. 
The use of thick kovar metal in glass seals 
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will withstand about ten times the torsion 
of the usual copper seals commonly used in 
transmitting tubes. A self-supporting fila- 
ment structure not only eliminates the 
failures caused by filaments sticking in 
guides and annealing of the spring material 
- but maintains uniform tube characteristics 
throughout its life. Use of copper anodes 
from four to eight times thicker than cus- 
tomary permits nearly 100 per cent increase 
in plate dissipation ratings without addi- 
tional water flow. For use at normal plate 
dissipation, the anode temperature runs 
lower and scaling of the anode with re- 
sultant anode puncture is eliminated. 

“The Plasmatron, A Continuously Con- 
trollable Gas-Discharge Tube” was given by 
E. O. Johnson and W. M. Webster, both of 
the Radio Corporation of America. After 
describing the structure of the Plasmatron, 
the speaker explained how the plasma, a 
region of free electrons, is a conducting 
medium between the cathode and anode 
and how the plasma’s density is modulated. 
The tube can be used either as a diode or 
triode and provides better control than the 
thyratron. When used as a triode, its 
frequency response is better than when it is 
connected as a diode, the triode response 
being fairly flat up to about 10 megacycles. 

The final paper of the session, “A Sub- 
miniature Voltage Regulator for Micro- 
ampere Operation,” was given by L. R. 
Landrey, Sylvania Electric Products, Inc. 
The size of the cathode of this regulator is 
an important factor in the operation: it was 
found that the maximum size of the cathode 
area should be such that it will support the 
glow covering the cathode; changing the 
shape of the cathode also affected the 
regulation. The final design is a double- 
ended tube, the cathode being connected 
at one end and the anode to the other end. 
The nickel of which the cathode is made is 
the subject of a continuing study as well 
as a revised formula for gas tubes. 


AIEE Electronic Instrumentation 
Conference to Be Held in N.Y.C. 


The Fourth Annual AIEE Conference on 
Electronic Instrumentation and Nucleonics 
in Medicine will be held January 7 and 8, 
1952. The sessions featuring papers and 
discussions on the latest developments in 
instrumentation and techniques in the 
medical field will be conducted in the 
Commodore Hotel, New York City. 

Prominent among the features of the 
conference is a special evening meeting at 
which Dr. V. K. Zworykin and Leslie 
Flory, of the Radio Corporation of America 
David Sarnoff Research Center, will present 
a demonstration lecture on ‘Television in 
Medicine and Biology.” The audience 
will see on a television receiver screen what 
usually is seen through a microscope and in 
addition they will be shown how ultraviolet 
light rays are used to great advantage 
in medical microscopy. 

The opening session of the conference on 
Monday will be devoted to papers on 


nucleonics in medicine, among them one 


describing the recently developed therapy 
device employing cobalt 60. In the after- 
noon session X rays and gamma rays and 
their latest uses will be considered. The 
television demonstration will be preceded 
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on Monday evening by an informal dinner 
in the hotel. 

The application of circuit theory to 
medicine will occupy the Tuesday morning 
session, which will be followed in the after- 
noon with papers on the application of 
electronic techniques to anesthesia. (A 
complete program will be published in the 
next issue.) 

The following are the chairmen of the 
conference committee: Planning Commitiee, 
J. B. Tebo; Technical Program Committee, 
S. R. Warren, Jr.; Local Arrangements 
Committee, C. L. Shackelford; Finance Com- 
mittee, J. S. Smith; and Publicity Committee, 
G. C. B. Rowe. 


Board of Directors Elects New 
Director and Vice-President 


The Board of Directors, on October 25, 
1951, took the following actions: 

Elected as Director of AIEE for the un- 
expired term ending July 31, 1954, of A. G. 
Dewars, deceased: Elgin B. Robertson, 
president of Elgin B. Robertson, Inc., 
Dallas, Tex. 

Elected as Vice-President of AIEE, 
representing the Southern District (number 
4), for the unexpired term ending July 31, 
1953, of John D. Harper, resigned: E. S. 
Lammers, Jr., Electronics Engineering 
Supervisor, Westinghouse Electric Cor- 
poration, Atlanta, Ga. 

Appointed from its own membership to 
serve as a member of the Edison Medal 
Committee for the unexpired term ending 
July 31, 1953, of John D. Harper, resigned: 
D. D. Ewing, Head, School of Electrical 
Engineering, Purdue University, Lafayette, 
Ind. 


James Travis Is Guest Speaker 
at Richland Section Meeting 


The guest speaker at the September 25th 
dinner meeting of the AIEE Richland 
Section was Mr. James E. Travis, Assistant 
Manager of the Hanford Operations Office 
of the Atomic Energy Commission. Mr. 
Travis discussed ‘Structural Designs for 
Atomic Warfare,” giving special emphasis 
and consideration to the electrical phases 
of the designs. His discussion was based 
on the studies which have been made at the 
site of atomic bomb blasts in Japan. He 
described the features of the power, lighting, 
and telephone systems which failed and 
which survived the atom blasts in Japan. 
Here the problems are the same and amount 
to protection from radiant heat, air pressure, 
winds, and sand blasting by the dust storms. 
He outlined the problems and the recom- 
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of the Committee on Air Transpor 


Student Badge 


Under an action taken by th 
Board of Directors at its m 
on October 25, 1951, any Si 
member who has renewed his n 
bership at the rate of $5.00 per 
may, upon request to Institute 
quarters, receive a plated vest 
lapel button without charge. 
request should include the 
number opposite the Student’s n 
on his stencil address, and the ad 
to which the badge should be ma 


mended practices to protect against 
effects of the atom blasts. His di 
included a description of the methods wl 
by existing structures could be strengthe 
and the measures to be taken to reduce } 
seriousness of the blasts. 

During the meeting F. J. Mollerus, z 
tiring Richland Section Chairman, review 
the past history of the Section since establis 
ment in 1948. He outlined the steps whi 
the Section has taken to reach natioi 
prominence in electrical affairs. 

Mr. Mollerus handed the gavel to W 
Gray Clifton, incoming Vice-Chairman w 
accepted in the absence of Chairman-el 
R. B. Crow. Mr. Clifton briefly outline 
the proposed program for the coming year 
Richland Section activities. 


Bie. 
D 


Aircraft Technical Conference — 
Held in Hollywood, Calif. 


A highly successful Technical Conferei 
on Aircraft Electrical Applications, sponsor 
by the AIEE Committee on Air Transpor 
tion, was held at the Hollywood Rooses 
Hotel, Hollywood, Calif., on October 
9, and 10. A total registration of 3 
indicated the judiciousness of timing { 
conference to coincide with the ann 
meetings and displays of the Soci 
Automotive Engineers and Aircraft Electri 
Society in Los Angeles. More: than 0 
third of those attending were visitors fi 
distant aircraft centers and represen 
the military services, their technical 
development organizations, civilian a 
nautic committees, air frame manufactul 
airlines, and accessory manufacturers. 

Warren V. Boughton, retiring Chairn 


officially opened the conference on Mone 
morning before an attendance of 215. 
K. Sadler, Chairman of Los Angeles Chap 
of AIEE, welcomed the many visitor! 

Following the opening, the techni 


Shown at the A 
Richland Sect 
dinner meet 
are, left to rij 
F. J. Molle: 
Mr. Travis; G. 
Clifton; and W 
Dowis, past Sect 

Chairmar 
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t the speakers’ table at the AIEE Technical Conference on Aircraft Electrical Applications during the luncheon on October 10 are, 
eft to right, C. E. Gagnier, D. W. Fritz, W. V. Boughton, Lieutenant Colonel Dieffenderfer, C. R. Moore, Commander Pickett, E. K. 


Sadler, W. C. Bryant, Peter Duyan, Jr., and C. S. Milliken 


essions were inaugurated. Twenty-seven 
apers were presented during six sessions. 
ecent developments to increase the safety 
nd efficiency of commercial and military 
ircraft were presented. The technical 
aaterial encompassed and correlated recent 
ork on aircraft electrical generating and 
istribution systems, control devices, cable, 
nd environmental problems. 
One of the meeting highlights was the 
onference luncheon on Wednesday. C. R. 
oore, Master of Ceremonies, presented 
NV. V. Boughton, who clearly outlined the 
bast history and objectives of the Committee 
m Air Transportation. Dwain E. Fritz 
hen accepted the Committee chairmanship 
pr the 1951-52 fiscal year. E. K. Sadler 
iscussed the activities of the aircraft section 
f ATEE as they are related to those of the 
os Angeles Chapter. 
The principal addresses were given by 
ommander Harry D. Pickett, Chief of 
lectrical Section, Bureau of . Aeronautics, 
d Lieutenant Colonel James C. Dieffen- 
lerfer, Chief of Electrical Section, Wright 
Mir Development Center. Commander 
Pickett presented the electrical problems 
encountered in the fleet and stressed the 
ecessity of standardization and ease of 
maintenance. Lieutenant Colonel Dieffen- 
lerfer presented the organization, purpose, 
nd aceomplishments of the Advisory Staff. 
(his staff was recently appointed from 
epresentatives of the air frame manufac- 
rers. They were informed by the Services 
bf plans for future aircraft electric equip- 
ment. The staff then analyzed the needed 
power requirements and recommended 
ectrical generation and _ distribution 
methods. He stressed the imperative need 
or co-operation and assistance from all 
brganizations to obtain greater reliability of 
Mectric equipment on aircrafts. Lieutenant 
colonel Dieffenderfer also re-emphasized 
he needs stressed by Commander Pickett. 
On Thursday morning, the annual meet- 
mg of the AIEE Committee on Air Trans- 
bortation was held under the direction of the 
ew chairman, Dwain E. Fritz. 
The operating committee for the con- 
erence was: H.* F. Rempt, Chairman; 
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W. C. Bryant, Vice-Chairman; C. E. Gagnier, 
Program; C. R. Moore, Registration; W. V. 
Boughton, Sessions; C. S. Milliken, Financial; 
W. L. Berry, Secretary; J. R. Harkness, 
Arrangements; and C. J. White, Publicity. 


COMMITTEE 
| ACTIVITIES 


Etditor’s Note: This department has been created 
for the convenience of the various AIEE technical 
committees and will include brief news reports 
of committee activities. Items for this department, 
which should be as short as possible, should be 
forwarded to R. S. Gardner at AIEE Head- 
quarters, 33 West 39th Street, New York 18, N. Y. 


Communication Division 


Committee on Telegraph Systems (Z. C. 
Chamberlin, Jr., Chairman; J. A. Duncan, Jr., 
Vice-Chairman; R. B. Shanck, Secretary). 
This committee, together with the Radio 
Communications Systems Committee, is 
planning a jointly sponsored technical 
session for the Winter General Meeting. 
Several papers are in prospect covering 
new multiplexing techniques, both fre- 
quency-division and _ time-division, with 
applications in landline as well as radio. 
The interest aroused by last year’s papers 
on this subject indicates that the session 
should be well attended. 

A. G. Cooley, Chairman of the Facsimile 
Subcommittee, also is planning a technical 
conference to be held during the Winter 
Meeting to cover some of the numerous 
recent developments in this field. A similar 
conference was held in January 1950, and 
activity since that time indicates that an- 
other conference should be well received. 


Committee on Wire Communications Sys- 
tems (L. G. Abraham, Chairman; G. B. 
Ransom, Vice-Chairman; P. G. Edwards, 
Secretary). This committee held meetings 
on October 23, 1950, and on January 24, 
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June 27, August 22, and October 24, 1951. 
By this means most members were able to 
attend at least one meeting. The com- 
mittee has sponsored sessions at all general 
meetings during the past year and is planning 
some general interest papers at the New 
York meeting in January 1952. Plans are 
under way to co-operate in the Centennial 
of Engineering in the fall of 1952. The 
committee has co-operated with various 
session meeting committee chairmen in~ 
helping plan technical programs at sectional 
meetings. Questions of overlap of scope 
with committees in other divisions are being 
discussed with the other committees and 
specific proposals to delineate the fields are 
being prepared. 


Industry Division - 


Committee on Feedback Control Systems 
(S. W. Herwald, Chairman; F. E. Crever, 
Vice-Chairman; A. G. Kegel, Secretary). In 
answer to considerable demand, a Con- 
ference on Feedback Control Systems will 
be held December 6 and 7, at the Chalfonte- 
Haddon Hall Hotel, Atlantic City, N. J. 
The purpose of the conference is twofold: 
to recapitulate important developments in 
techniques and components which have taken 
place in the field of feedback control systems 
during the past few years, and to present 
some of the important advanced develop- 
ments. The presentation of the papers 
has been planned so that they will not be 
merely summaries or abstracts, but will be 
complete discussions in themselves. The 
program is given on page 1019 of the 
November issue of Electrical Engineering. 
Registration will take place at the con- 
ference each day at 8:00 a.m. There w 
be no advance registration. The registration 
fee is $3.00. Hotel accommodations may 
be secured directly from the Chalfonte- 
Haddon Hall Hotel in Atlantic City, N. J. 


Committee on Mining and Metal Industry 
(A. C. Muir, Chairman; W. R. Harris, Vice- 
Chairman). One of the activities which 
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this committee has considered most important 
is the development of a Manual for Com- 
mittee Guidance, copies of which were sent 
to all members of the committee and the 
subcommittees. Copies can be made avail- 
_ able to other committees. Committee mem- 
bers have found this manual to be very 
helpful to them. 

A close liaison has been in effect with the 
Underground Power Committee of The 
American Mining Congress. At present 
the committee is co-operating with them in 
preliminary work on standards for cable 
sizes for “permissible”? motors for mining. 

The Western Mining Subcommittee is 
now arranging with The American Institute 
of Mining and Metallurgical Engineers to 
jointly sponsor a symposium on Ore Bene- 
ficiation to be held during the Summer 
General Meeting in Minneapolis in 1952. 


Power Division 


Committee on Carrier Current (C. W. 
Boadway, Chairman; S. C. Leyland, Vice- 
Chairman (E); R. H. Miller, Vice-Chairman 
(W); B. W. Storer, Secretary). At a recent 
meeting of the committee held at AIEE 
Headquarters, the several subcommittees 
and their personnel were reorganized with 
a view to increased active participation in 
the work of this committee. 

Subcommittees 3, 4, and 5, as listed in 
the 1950 Year Book, have been amalgamated 
under ‘Subcommittee on Methods of 
Measurement and High Frequency Charac- 
teristics of Power Equipment and Trans- 
mission Lines.” 

The Subcommittee on Long Life Tubes 
has terminated its work since information 
on ruggedized and reliable tubes is now 
available in tube handbooks. However, 
all members of this subcommittee are 
assembling available data for inclusion in a 
final report. 

Two subcommittee reports, “The Evolu- 
tion of Power Line Carrier” and ‘‘Proposed 
Definitions Relating to Power Line Carrier,” 
are scheduled for presentation at forthcoming 
meetings of the Institute. The latter report 
will complete the work of the subcommittee 
on carrier current terminology. 

The other four subcommittees are con- 
tinuing their work of assembling necessary 
material and tabulating data, and it is 
expected that with the proposed increase in 
personnel they will progress at an even 
greater rate. 


Science and Electronics Division 


Committee on Electronic Power Con- 
verters (I. K. Dortort, Chairman; CG. R. 
Marcum, Vice-Chairman; J. B. Pitman, 
Secretary). At the end of the preceding 
administrative year, the subcommittee setup 
was changed somewhat to keep the structure 
functional with the work to be done. 

The Electron Tube Subcommittee and 
the Committee on Electronic Power 


Converters will hold a 2-day Joint Tube . 


Conference in Pittsburgh, Pa., on May 5 
and 6, 1952. 

Steps will be taken soon to publish in 
Advance-Copies-Only (ACO) form the re- 
port on the survey of operation of electronic 
power converters. It is planned to send 
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copies to all users who contributed to the 
survey. ; , 

A Working Group of this committee 1s 
working on a comprehensive report on 
Cooling and Corrosion Problems in Mercury- 
Arc Rectifiers. 

Work on Standards for Hot-Cathode 
Converters has lagged because of the pressure 
of other affairs on everyone involved. It is 
hoped that work can be resumed shortly 
and the project completed. 

The bibliography of converter literature 
started some years ago is now in excellent 
shape and will be kept up-to-date by 
periodic supplements. 


Committee on Instruments and Measure- 
ments (John H. Miller, Chairman; J. G. 
Reid, Jr., Vice-Chairman, East; J. E. Hobson, 
Vice-Chairman, West; Ernst Weber, Secretary, 
East; W. S. Pritchett, Secretary, West): The 


1951 fall meeting of the committee was held ~ 


on October 2. Twenty-eight members 
were in attendance, nearly half the total 


AIEE PERSONALITIES... 


Elgin Barnett Robertson (M’24, F’45), 
President, Elgin B. Robertson, Inc., Dallas, 
Tex., was elected a Director of the AIEE by 
the Board of Directors at their meeting on 
October 25, 1951, for the unexpired term 
ending July 31, 1954, of A. G. Dewars, 
deceased. Born on June 4, 1893, in 
Meridian, Tex., Mr. Robertson was grad- 
uated from the University of Texas in 1915 
with a degree in electrical engineering. He 


E. G. Robertson 


was with the Westinghouse Electric and 
Manufacturing Company (now the Westing- 
house Electric Corporation) from 1915 to 
1920, and then became chief electrical 
engineer for the Railway and Industrial 
Engineering Company, Greensburg, Pa., 
where he remained until 1924, In 1928, 
Mr. Robertson established the Elgin B. 
Robertson Company in Dallas, Tex., and 
since has been managing partner. When 
the Plastics Manufacturing Company was 
formed in 1939 he was made President, He 
joined the regional War Production Board 
as production engineer in 1942 and later 
was named regional utility engineer and 
regional manager of the production depart- 
ment. Mr. Robertson had just completed 
a 4-year term as AIEE Director (1947-51), 
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roster. Professor T. S. Gray reported 
a Subcommittee on Organization wit 
new arrangement for the various ; 
committees which was approved by 
concerned. Essentially a new outliz 
grouping the subcommittee activities, 
will go into effect in the near future. © 
development of a Power Test Code is 
gressing under the chairmanship of C. 
Zeller, the third draft having been circula 
to the subcommittee. Plans are being m 
by the Joint Subcommittee on Telemeter 
for a West Coast Conference this com 
spring. A great deal of interest in 
matter of geophysical instruments, p 
ticularly in the fields of oil exploration, 
reported by Chairman Miller, and it y 
thought that a subcommittee should 
formed to cover geophysical instruments a 
measurements. : 
The Electric Welding Committee has 
quested advice on measurements and G. 
Savage has been appointed as a represe 
tive of the Instruments and Measurement 
Committee to assist them in their work, 


He has actively served the Institute as Sect 
Secretary (1937-38), Section Cha 
(1938-39), and on the following 

committees: Membership (1944-46); B 
of Directors (1947-51); General Aj 
tions Co-ordinating (1947-51); Regis 
of Engineers (1946-51, Chairman 1949 
Planning and Co-ordinating (1946-51); an 
Professional Group Co-ordinating (1949-51) 


Edwin S. Lammers, Jr. (M ’34), electron 
engineering supervisor, Westinghouse El 
tric Corporation, Atlanta, Ga., has be 
elected a Vice-President of the Al 
representing the Southern District (m 
4) by the Board of Directors at their mee 
on October 25, 1951, for the unexpired t 
ending July 31, 1953, of J. D. Harp 
Mr. Harper resigned from the position | 
cause of a change of residence from | 


E. S. Lammers, Jr. 


Southern District to the South West Dist 
Mr. Lammers was graduated from the A 
cultural and Mechanical College of Ti 
in 1913 and then became associated with 
Westinghouse Electric Corporation. In 1 
he joined the Electrical Department of 
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ational Tube Company, Lorain, Ohio, 
Maining for five years. Mr. Lammers 
turned to Westinghouse in 1923 as in- 
ustrial sales control supervisor and three 
jars later was made general engineer on 
jdustrial applications, in which capacity 
} remained until 1941 when he became 
ipctronics engineering supervisor. Mr. 
Ammers is a past Chairman of the AIEE 
porgia Section, (1949-50). He is a 
lember of the Institute of Radio Engineers, 
e Association of Iron and Steel Engineers, 
d the Georgia Engineering Society. 


{. L. Cisler (M 35, F °47), Executive Vice= 
resident, The Detroit Edison Company, 
jetroit, Mich., has been appointed Presi- 
mt and general manager of the company. 
Cisler was graduated from Cornell 
niversity in 1922 with a degree in me- 


W. L. Cisler 


anical engineering. From 1922 to 1941 
€ was associated with the Public Service 
lectric and Gas Company, N. J., working 
om the position of cadet engineer up to 
ssistant chief engineer. From 1941 to 
943 Mr. Cisler served with the War Pro- 
uction Board supervising the scheduling 
md production of power equipment, the 
o-ordination of construction of power 
rojects, and the development and allocation 
f equipment for lend-lease. In 1943 he 
mtered the United States Army and served 
n General Eisenhower’s staff in Europe 
here he directed the re-establishment of 
tility services. Mr. Cisler became chief 
gineer for The Detroit Edison Company 
1945 and was named Executive Vice- 
President three years later. He is a member 
f The American Society of Mechanical 
ingineers. Mr. Cisler has actively served 
he AIEE on the following committees: 
ower Generation (1935-43, Chairman 
940-42); Technical Program (1940-42); 
standards (1941-42); Management (1947— 
2, Chairman 1948-49); and Professional 
sroup Co-ordinating (1948-49). 


Klien Lehman, AIEE Student Member, ‘The 
tity College, New York, has disappeared 
ind it is hoped that someone reading this 
rticle might have information leading to 
is whereabouts. He was to enter the senior 
lass at City College this fall as a major in 
lectrical engineering and student editor of 
he engineering magazine, The City College 
Jector. A full description of him is as 
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Allen Lehman 


follows: height, 5 feet, 9 inches; weight, 150 
pounds; light complexion; dark brown 
hair, parted on left side; wears glasses all 
the time; has a small scar under chin. He 
left New York City July 1, and entered 
Canada on or about July 21. He wrote 
home regularly and his last letter was posted 
from Fort William, Ontario, Canada, 
August 8. He was wearing khaki brown 
United States Army woolen pants, Army 
field boots, tan utility jacket. He was 
carrying a United States Army mountain 
rucksack with metal frame. If you have 
any information about Allen Lehman, please 
communicate with his parents immediately. 
Their address is: Mr. and Mrs. George 
Lehman, 8305 20th Avenue, Brooklyn 14, 
NusY.: 


W. J. Seeley (A719, F 45), Professor and 
Head of Electrical Engineering, College of 
Engineering, Duke University, Durham, 
N. C., has been appointed Director of Re- 
search and Development for the College of 
Engineering. He also has been appointed 
Chairman of the Student Development 
Committee of the Engineers’ Council for 
Professional Development. Professor Seeley 
has just completed a 2-year term as ATEE 
Vice-President of the Southern District 
(number 4) and has served on the following 
committees: Student Branches (1932-33); 
Research (1937-40); Basic Sciences (1945-— 
50); and the Board of Directors (1949-51). 
He is a member of the Institute of Radio 
Engineers and Sigma Xi. 


R. L. Biesele, Jr. (A’45, M’48), Head, 
Electrical Engineering Department, Southern 
Methodist University, Dallas, Tex., has been 
named Research Professor of Engineering. 
This position will allow him to devote full 
time to his research activities, particularly 
in the field of illumination. He received 
his engineering education at the University 
of Texas and became associated in 1936 
with the Westinghouse Electric Corporation 
as lighting engineer. He served in that 
capacity until 1943, when he joined the 
faculty at Southern Methodist University. 
He was named Head of the Department of 
Electrical Engineering in 1946. He is a 
member of the American Society for Engi- 
neering Education and is a Director of the 
Illuminating Engineering Society. He is 
serving on the AIEE Education Committee. 


G. R. Henninger (A’22, F ’43), professor, 
electrical engineering division, Iowa State 
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College, Ames, Iowa, has been appointed 
assistant director of the Engineering Exten- 
sion Service at Iowa State College. In this 
capacity Mr. Henninger will have charge of 
the administration of adult education ac- 
tivities carried on by the Service throughout 
the state. Prior to joining the faculty at 
Iowa State College he was Editor of I/lumi- 
nating Engineering and Director of Publica- 
tions, Illuminating Engineering Society, 
New York, N. Y. His experience also 
includes holding the position of Editor of 
Electrical Engineering from 1933-48. In 1942, 
Mr. Henninger served as a civilian con- 
sultant in the office of the Secretary of the 
Navy and then for three years he served as a 
lieutenant colonel in the United States 
Army. He is a member of the American 
Society for Engineering Education and the 
Illuminating Engineering Society. He 
served on the AIEE Publications Com- 
mittee (1948-49). 


F. W. Tatum (A’42, M’45), professor of 
electrical engineering, Southern Methodist 
University, Dallas, Tex., has been named 
Chairman of the Department of Electrical 
Engineering. He received his technical 
education at the School of Engineering, 
Columbia University, receiving degrees of 
bachelor of science and master of science 
in electrical engineering. From 1935 to 
1947 he was associated with the American 
District Telegraph Company, New York, 
N. Y., and held the position of engineering 
supervisor before becoming a member of the 
faculty at Southern Methodist University. 
He is a member of the Institute of Radio 
Engineers and the American Society for 
Engineering Education. Currently he is 
serving the AIEE as Chairman of the 
Committee on Student Branches, 


L. K. Stringham (A 34, F °49), Engineering 
Vice-President, The Lincoln Electric Com- 
pany, Cleveland, Ohio, has been appointed 
chief engineer for the company. His new 
duties will be in addition to those he already 
has as Engineering Vice-President. Mr. 
Stringham, who has an electrical engineering 
degree from Cornell University, has been 
with The Lincoln Electric Company since 
1933. Mr. Stringham holds several patents 
on devices for electric control for automatic 
welding. He is a member of the American 
Welding Society and Eta Kappa Nu. He 
has served the Institute on the Electric 
Welding Committee (1945-49, 1951-52). 


R. M. Casper (M40), manager, Electrical 
Department, Allis-Chalmers Manufacturing 
Company, Milwaukee, Wis., has been made 
manager of the newly created Power De- 
partment. Mr. Casper joined the company 
in 1936 as a sales representative and after 
successive promotions was made manager of 
the Electrical Department in 1949. F. W. 
Bush (A’36, M’43), assistant manager, 
Electrical Department,  Allis-Chalmers 
Manufacturing Company, Milwaukee, Wis., 
has been appointed assistant manager in 
charge of the electrical sections of the Power 
Department. Mr. Bush has been associated 
with the company since 1928. He has 
served the AIEE on the Management 
Committee (1947-52) and the Fortescue 
Fellowship Committee (1949-52). 
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300 Attend North Texas Section Meeting 


At the September 25 dinner meeting of the AIEE North Texas Section, more than 300 
members and guests attended. The Texas Electric Service Company of Fort Worth, 
Tex., acted as host for the meeting and, in addition to making arrangements for an 
inspection trip through their new Handley, Tex., Station, they provided a barbecue 


dinner for the entire group 


P. G. Agnew (A’12, M19, Member for 
Life), consultant, American Standards Asso- 
ciation, New York, N. Y., has been awarded 
a gold medal by the American Standards 
Association in recognition of a lifetime of 
service and leadership in the cause of 
standardization. Dr. Agnew served as first 
administrative head of the Association from 
the time it was founded in 1919 until his 
retirement to consultant status in 1947. He 
is the author of many pamphlets and articles 
on physics, electrical engineering, and 
standards. Dr. Agnew has actively served 
the AIEE on the following committees: 
Electrophysics (1918-20); Instruments and 
Measurements (1917-19); and Standards 
(1916-20). 


C. H. Black (A’41, M’45), manager of 
engineering, construction materials division, 
General Electric Company, Bridgeport, 
Conn., has been appointed general manager 
of the company’s Meter and Instrument 
Department at Lynn, Mass. He joined 
General Electric in 1924 and has served 
successively as application engineer on 
switchgear equipment, managing engineer 
for air circuit-breaker equipment, and 
manager of engineering for the Switchgear 
Department. He has served the Institute 
on the Protective Devices Committee (1944- 
45) and Switchgear Committee (1947-48). 


Cc. C. Duncan (A’40), supply practises 
engineer, Operation and Engineering De- 
partment, American Telephone and Tele- 
graph Company, New York, N. Y., has been 
appointed operating staff manager, Long 
Lines Department. His duties will include 
co-ordinating. the plant, traffic, and com- 
mercial activities of the Long Lines Depart- 
ment in long-distance’ services. 


F. K. McCune (A’33, F’49), manager of 
engineering, large apparatus division, 
General Electric Company, Schenectady, 
N. Y., has been appointed assistant manager 
of the company’s engineering services divi- 
sion. He served on the AIEE Transfers 
Committee (1946-48). 
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W. F. Ogden (M’41), assistant chief 
engineer, Engineering Department, Hot- 
point, Inc., Chicago, IIl., has been appointed 
manager of product planning in the market- 
ing services division of the company. He 
will be located at the company’s New York 
City offices. Mr. Ogden has been asso- 
ciated with Hotpoint, Inc., for 15 years 
serving as commercial engineer and assistant 
chief engineer. He has actively served the 
Institute on the following committees: 
Domestic and Commercial Applications 
(1942-46, Chairman 1942-44); Technical 
Program (1942-44); Standards (1942-44). 


L, R. Ludwig (A’28, M41), assistant to 
the vice-president in charge of industrial 
products, Westinghouse Electric Corporation, 
Pittsburgh, Pa., has been appointed Director 
of Engineering and Research, Atomic 
Power Division. Mr. Ludwig joined West- 
inghouse following his graduation from the 
University of Illinois in 1925 with a bachelor 
of science degree in electrical engineering. 
He served as a member of the AIEE Com- 
mittee on Protective Devices (1938-44). 


Sol Levine (M_’50), assistant chief engineer, 
Edo Corporation, College Point, N. Y., has 
been appointed chief engineer of the elec- 
tronics division of the company. Mr. 
Levine has been with the Edo Corporation 
since 1946. Previous to that he had been 
associated with the Bendix Aviation Corpora- 
tion and the Crucible Steel Company. He 
is a member of the Institute of Radio Engi- 
neers, the Acoustical Society of America, 
and the American Physical Society. He 
holds several patents relating to sonar devices. 


C, W. Eichhorn (A’35, M46), design 
engineer, transformer division, Raytheon 


_ Manufacturing Company, Waltham, Mass., 


tas accepted the position as head of the 
transformer division of Laboratories for 
Electronics, Inc., Boston, Mass. Mr. Eich- 
horn had been associated with the Raytheon 
Manufacturing Company for eight years 
and his experience prior to this included 
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association with the Minneapolis-Hon 
Regulator Company and the 
Transformer Company. 


L. H. Middleton (A’31, M36), Vic 
President, The Electric Auto-Lite Com 
Toledo, Ohio, has been appointed 
position of Director of Engineering. 
Middleton became associated with ¢ 
company in 1933 in the position of executi 
engineer. His experience previous to th 
was as chief engineer, Moto-Meter 
and Equipment Company, Toledo, O} 


H. L. Hamilton (A’37, M47), corrosi 
engineer, Keystone Pipe Line Compan 
Philadelphia, Pa., has been nam 
manage and direct the activities of the 
Smith Engineering Company, Balacym 
Pa. The company will conduct fie 
surveys and studies leading to reco 
mendations for the control of corrosioi 
Mr. Hamilton is a member of the Nationa 
Association of Corrosion Engineers. 


G. W. Acock (A’44, M’51), assistant chi 
electrical engineer, electrical wire divi: 
John A. Roebling’s Sons Company, Tren 
N. J., has been appointed product app 
tion engineer, Engineering Departme: 
Rome Cable Corporation, Rome, N. Y 
Mr. Acock had been associated with th 
John A. Roebling’s Sons Company sine 
1934. He is a member of the America 
Society for Engineering Education and ha 
served on the AIEE Insulated Conducto 
Committee since 1948. } 


Coleman London (M ’49), section enginee 
communication “equipment engineerin 
Westinghouse Electric Corporation, E 
more, Md., has been appointed manz 
electronics service, electronics and X 
division. Mr. London joined Westingh 
in 1938 after receiving a degree in elec 
engineering from The Johns Hopkins Ur 
versity. He is the author of several technic: 
papers on radar and communications af 
holds patents in these fields. He is 
member of the Institute of Radio Engineet 


‘- 


W. J. Warren (A’34, M’46), Head, El 
trical Engineering Department, Univers 
of Santa Clara, Calif., has joined the s 
of Shell Development Company, Emeryvil 
Calif. He received a doctor of philosop 
degree in electrical engineering from tl 
University of Illinois in 1936, and has be 
associated with the University of San 
Clara since 1941. a 


R. R. Longwell (A’42, M49), engineeril 
and service supervisor, Westinghouse Electt 
Corporation, Baltimore, Md., has 
appointed engineering and service manag 
Mr. Longwell has been with the compa 
since 1924. Since then he has held varic 
positions in the company’s switchge 
engineering and district engineering 
service departments. 


C. W. Schweers (A°37, M’47), Ne 
England regional manager, Allis-Chalme 
Manufacturing Company, Boston, Mas 
has been named Vice-President in ¢ 
of sales for the general machinery divisic 
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jthecompany. Mr. Schweers, who became 

sociated with Allis~-Chalmers in 1930, also 
pS served as manager of the firm’s general 
lachinery district sales offices in Houston, 
ex., and Los Angeles, Calif, 


- C. Kirkwood (A’48), junior engineer, 
1. C. Kirkwood and Associates, Kansas 
pity, Mo., has been made a member of the 
fm. He is a member of the National 
jociety of Professional Engineers, Tau Beta 


, and Eta Kappa Nu. 


- W. Maas (A’39), sales engineer, Sales 
Pepartment, Wagner Electric Corporation, 
thiladelphia, Pa., has been appointed 
manager of the San Francisco, Calif., office. 
Mr. Maas has been a sales engineer for the 
pmpany since 1939. 


- P. Kartalia (A’45), assistant sales 
anager, Square D Company, Detroit, 
ich., has been appointed manager of 
nerchandise sales. 


I, Cohn (A’43, M *50), assistant professor 
f electrical engineering, Illinois Institute of 
echnology, Chicago, Ill., has been pro- 
noted to associate professor. 


I BITUARYeeee 


Albert Lawrence Rohrer (A’87, M’88, 
ember for Life), retired, Maplewood, N. J., 
ied on October 18, 1951. He was born in 
armsville, Ohio, in 1856, and attended Ohio 
niversity. He entered the employ of the 
‘homson-Houston Electric Company, a pred- 


884. Mr. Rohrer was electrical superin- 
iendent of the Schenectady (N.Y.) Works of 
he company from 1892 to 1923, and advi- 
ory engineer from 1923 until 1926, when he 
tired. He recruited and supervised the 
aining of engineering personnel for the com- 
bany from 1892 to 1914. In that period 
,000 college graduates were brought to the 


erbert Milton Hazlett (A’26, M’35), gen- 
ral superintendent, Light and Gas Depart- 
nent, Monterrey Railway, Light and Power 
ompany, Monterrey, Mex., died on July 11, 
1951. He was born on December 1, 1899, in 
ferome, Ariz., and was graduated with a 
yachelor of science degree in electrical engi- 
iecering from Tri-State College of Engineer- 
ng in 1924. He joined the Puerto Rico 
2ower Light Company in 1926 as superin- 
endent of hydroelectric plants and was 
xromoted to superintendent of power 
reneration in 1931, which position he held 
intil 1942. Subsequently he joined the 
Solivian Power Company at La Paz, 
solivia, as general superintendent and was 
ater appointed manager. In 1948 he be- 
ame associated with the Monterrey Rail- 
vay, Light and Power Company as general 
uperintendent. 


seorge Kirlin (A’43), Vice-President, Can- 
da Wire and Cable Company, Ltd., Mon- 
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cessor of the General Electric Company, in ~ 


treal, Quebec, Canada, died on September 2, 


1951. He was born in Montreal, Quebec, 
Canada, on August 9, 1893, and joined the 
staff of the Standard Underground Cable 
Company of Canada, which later became the 
Canada Wire and Cable Company, Ltd., in 
1914. Except for a period when he served 
with the Canadian Artillery during World 
War I his association with the company was 
uninterrupted. In 1930, Mr. Kirlin was 
appointed eastern district manager, and in 
1949 he was appointed Vice-President of the 
company. He was a member of the Cana- 
dian Electrical Association. 


Gustavo Lobo (A’01, M’11, F°12, Member 
for Life), retired, New York, N. Y., died on 
October 17, 1951. He was born on March 
28, 1876, in Caracus, Venezuela, and was 
graduated from the School of Engineering of 


- Columbia University in 1898 with the degree 


of electrical engineer. Mr. Lobo’s career 
covered experience in the design, construc- 
tion, and operation of electric light and power 
plants in various locations in Mexico. He 
also was associated with the Cambridge Gas, 
Electric Light and Power Company, Cam- 
bridge, Md., and was the founder of the Kel- 
vin Engineering Company, New York, N.Y., 
and its President until his retirement in 1943. 


Abram Adkins Cory (A’27), chief electronics 
engineer, Norfolk Navy Yard, Portsmouth, 
Va., died on September 30, 1951. He was 
born on January 19, 1903, in Luchou Fu, 
China, and was graduated from the Univer- 
sity of North Carolina in 1926 with a bache- 
lor of science degree in electrical engineering. 
He received his master of science degree in 
electrical engineering from the same institu- 
tion two years later. Before joining the 
Norfolk Navy Yard Mr. Cory had been asso- 
ciated with the Durham Public Service Com- 
pany, Durham, N.C., and had served with 
various companies in New York and New 


Jersey. 


George Clare Harness (A’41, M’45), dis- 
trict engineer, Westinghouse Electric Cor- 
poration, Philadelphia, Pa., died on August 
9, 1951. He was born in Galveston, Ind., 
on September 17, 1898, and was graduated 
from Purdue University with a bachelor of 
science degree in electrical engineering in 
1922. From 1923 to 1928 he was assistant 
superintendent of transmission at the Pennsyl- 
vania Power and Light Company, Hazleton, 
Pa., and in 1928 he became engineer for the 
company in Allentown, Pa. Mr. Harness 
joined the Westinghouse Electric Corpora- 
tion as an engineer in 1939, and a year later 
was made district engineer with headquarters 
in Philadelphia. 


Earl R. Seymour (A’23), commercial engi- 
neer, General Electric Company, Pittsfield, 
Mass., died on October 4, 1951. He was 
born December 1, 1886, in Beach City, Ohio, 
and received a bachelor of arts degree from 
Western Reserve in 1910 and a bachelor of 
science degree from the Case School of 
Applied Science (now Case Institute of Tech- 
nology) that'same year. He became associ- 
ated with the General Electric Company after 
graduation and served continuously with that 
company in various capacities for 41 years. 
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Recommended for Transfer 


The Board of Examiners at its meeting of October 18, 
1951, recommended the following sueabers for transfe 
to the grade of membership indicated. Any objection 
to these transfers should be filed at once with the secre- 
tary of the Institute. A statement of valid reasons 
for such objections, signed by a member, must be 
furnished and will be treated as confidential. 


To Grade of Fellow 


Ballard, W. C., BL of elec. engg., Cornell University 
thaca, N. Y. 

Everhart, J. G., chief engr., transformer div., Line 
Material Co., Zanesville, Ohio 

Gardner, M. L., engg. & service mgr., New England 
dist., Westinghouse Electric Corp., Boston, Mass. 

Ingledow, T., vice pres. & chief engr., B. C. Electric 
Co., Vancouver, B. C., Can, 

Jones, A. A., mgr., engg. dept., Anaconda Wire & Cable 
Co., Hastings-on-Hudson, N. 


5 to grade of Fellow 


To Grade of Member 


Beatty, W. J., sales engr., American Air Filter Co., 
ew York, N. Y. 

Bigbie, D. D., asst. elec. engr., California Packing Corp., 
San Francisco, Calif. 

Cofer, J. W., planning engr., Toledo Edison Co., 
Toledo, Ohio 

Flahie, C. E., trans. & dist. engr., The Toledo Edison 
Co., Toledo, Ohio 

Friedrich, R. E., design engr., Westinghouse Electric 
Corp., East Pittsburgh, Pa. 

Hays, G. T., engr., Dallas Power & Light Co., Dallas, 
Ti 


‘ex. 

Henn, W. F., mgr. central station & trans. divs., General 
Electric Co., Philadelphia, Pa. 

Koberg, M., genl. mgr., Almacen Koberg, Ltd., San 
Jose, Costa Rica, C. A. 

Kranz, H. P., supt., overhead lines dept., Narragansett 
Electric Co., Providence, R. I. 

MacKenzie, K. W., project engr., Raytheon Mfg. Co., 
Waltham, Mass. é 

McGinnis, C. F., asst. sales mgr., Elliott Co., Ridgway, 
P 


a. : 

Miller, C. W., mgr., large power trans. engg. div., 
Westinghouse Electric Corp., Sharon, Pa. 

Nagel, L. L., elec. engr., Research Corp., Bound Brook, 
N. 


Olsen, E. C., test engr., Canadian General Electric Co., 
Ltd., Toronto, Ont., Can. A 

Parker, S. R., electronic dev. engr., International Re- 
sistance Co., Philadelphia, Pa. f 2 

Peterson, J. D., engr., eclipse-pioneer div., Electrical 
Controls Lab., ‘Bendix Aviation Corp., Teterboro, 
N 


Porterfiaid, R. H., district mgr., Allis-Chalmers Mfg. 
Co., Providence, R. I. t 

Rogers, A. L,, asst. chief eng» United Merchants 
Labs., Inc., New York, N. Y. 

Rotta, A. E., mgr., Public Utility Dist. No. 2, Raymond, 
Wash. 

Scott, R., asst. prof. elec. engg., University of Toronto, 
Toronto, Ont., Can. 3 

Shima, R., chief engr., General Electronics, Inc., 
Paterson, N. J. ; : 

Wachter, R. V., elec. engr., Aluminum Co. of America, 
Vancouver, Wash. , F 

Weaver, J. W., application engr., Elliott Co., Ridgway, 
Pa. 

Woodward, R. V., chief engr., Dowzer Electric Machin- 
ery Works, Inc., Mount Vernon, Hit ie 

Wyman, J. H., ee engr., Bendix Aviation Corp., 
Teterboro, N. J. p x 

Young, R. E., mgr., Etobicoke Hydro-Electric Com- 
mission, Toronto, Ont., Can. 


26 to grade of Member 


Applications for Election 


Applications for admission or re-election to Institute 
membership, in the grades of Fellow and Member, have 
been received from the following candidates, and any 
member objecting to election should supply a signed 
statement to the Secretary before December 25, 1951, 
or February 25, 1952, if the applicant resides outside 
of the United States, Canada, or Mexico, 


To Grade of Member 


Curry, H. H., Lockheed Aircraft Corp., Marietta, Ga. 

Gopalakrishna, H. V., Indian Institute of Science, 
Bangalore, India 

Graf, F. G. (re-election), Westinghouse Elec. Corp., 
New York, N. Y. 

pentose G. é., Heemaf N. V., Hengelo (O), Nether- 
ands 

Soni, C. M., New Pratap Spg., Wvg., & Mfg. Co., 
Dhulia (West Khandesh), Tadia a : 


5 to grade of Member 
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Snow Depth Measurements Reported by 
Frequency-Modulated 2-Way Radio 


One of the most recent unique applica- 
tions of supervisory control and telemetering 
equipment is that of transmitting snow depth 
measurements from mountain tops and 
other isolated points. 

From an economic standpoint, it is vitally 
important to efficiently use all the water 
from natural precipitation, particularly in 
the western states. This requires accurate 
measurement of the moisture as it falls and 
as it is stored in the snow pack in the moun- 
tains. In the past this has been accom- 
plished only by laborious sampling and an 
insufficient number of measurements. 

During the past two years, however, the 
United States Weather Bureau and the 
Corps of Engineers of the United States 
Army have developed a thickness gauge 
using radioactive isotopes of common metals 
to measure the water equivalent of snow. 

These artificial radioactive elements re- 
cently have become available in practical 
quantities as a result of the development work 
undertaken by the Atomic Energy Com- 
mission. The isotopes, likey natural radio- 
active elements such as radium, may emit 
alpha, beta, and gamma rays. Of these, 
only the gamma rays appear to have sufficient 
energy to penetrate a deep snow pack. 

The isotopes are planted beneath the 
ground surface. By measuring the in- 


tensity of the radiation of the isotopes after 
it has passed through the snow, the water 
equivalent depth of the snow can be found. 


The Geiger-Mueller tube was chosen as 
the sensing device to measure the radiation 
intensity because it is rugged and can 
withstand the conditions of operation im- 
posed upon it. It is simple and provides 
an output that can be readily used in elec- 
tronic circuits. 

So that no one has to be present at the 
measurement point, usually on an isolated 
mountainside, Motorola radio equipment 
is used to transmit automatically the data 
to the central recording station. 

The battery-operated transmitters and 


Automatic Selective Pneumatic Tube 


System Installed by Bridgeport Company 


The automatic selective pneumatic tube 
system introduced in this country by the 
International Standard Trading Corpora- 
tion, an associate of the International 
Telephone and Telegraph Corporation 
(IT&T), and now in operation at the 
Housatonic plant of the Bridgeport (Conn.) 
Brass Company, represents one of the most 
practical and economical approaches to 
the problem of interoffice communication. 

In most pneumatic tube installations of 
this size, separate sending and receiving 


Typical repeater station located on a mountain for receiving signals from several radio- 
active snow-gauge stations and sending them on to the recording station 
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Of Current Interest 


INTEREST 


receivers are mounted in small stair 
steel cases which themselves are weath 
proof. Nickel-cadmium storage batt 
are chosen to furnish power because of theit 
excellent low temperature characteristics, 
In the radio units, individual sections 
such as oscillators, frequency divide 
transmitter and receiver stages, and 
time switches are individually removal 
for easy servicing in the field. This is ¢ 
same principle of design as in the Handie- 
Talkie portable radiophones. 
From the data gathered and transmitted 
by this equipment, preparations can b 
made to store a portion of the water as i 
comes down from the mountains. Co 
mitments to both hydroelectric power a 
irrigation water supplies can be made with 
full assurance of their fulfillment. f 


lines are necessary to establish imtercom: 
munication. The only alternative is 
have all carriers routed to a central con’ 
point, to be redispatched manually to their 
respective destinations. The disadvantag 
of this method are that it not only necessitates 
the services of a full-time attendant but 
requires the construction of a greater number 
of tubes to and from the main dispatching 
room. 

This system, which utilizes the mechanical 
brain features of automatic dial telephon 
was developed by Mix and Genest, a Germ 
subsidiary of IT&T. Unlike conventio 
pneumatic tube systems, the new interof 
messenger is both automatic and selecti 
A notable feature is a special selective d 
on the carrier which permits the sender t 
forward his message or article to any 0 
of nine stations in the plant without 
intervention of an operator or a cen 
dispatcher. It is this ability to route 


Future Meetings of Other Societies 


American Society of Refrigerating Engineers, Annual 
Meeting. December 2-5, 1951, Hotel Roosevelt, New 
Orleans, La. . » 


Hydraulic Institute. January 30-February 1, 1952 
Seaview Country Club, Absecon, N. J. , 


Institute of Aeronautical Sciences. 20th Annual 
Meeting. January 28-February 1, 1952, Astor Hotel, 
New York, N. Y. ; 


National Association of Manufacturers. Annua 
Meeting. December 5-7, 1951, Waldorf-Astoria Hotel 
New York, N. Y. 


Plant Maintenance Conference. Third Annual 
ing. January 14-17, 1952, Convention Hall, Phila 
delphia, Pa. 


Society of Plastics Engineers, Inc. Eighth Annual 
National Technical Conference. January 16-18, 1952 
Edgewater Beach Hotel, Chicago, III. 


The American Society of Mechanical Engineer 
Annual Meeting. November 25-30, 1951. Haddol 
Hall Hotel, Atlantic City, N. J. f 
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arriers automatically to any given point 
at makes the new system so radically 
fferent from the conventional, manually 
perated installation. 

On each of the carriers are two rings 
tamped with the numbers zero to nine. 
These rings are adjusted to the number 
corresponding to the receiving station. As 
he carrier is inserted in the tube, it travels 
by vacuum through the sending line to the 
automatic central installation or transfer 
mtrol point. While en route, electric 
fingers pick up the dialled number and flash 
it to the central station. Here the relay 
panel or brain of the system reads the signal, 
actuates the appropriate switches, and 
immediately speeds the carrier through to 
the correct outgoing line and station. On 
arrival, the relays are released and the 
station is ready to receive the next carrier. 

The relay panel, in addition to determin- 
ing the course of the carriers, counts the 
number which pass through each loop, 
provides the appropriate space interval 
between travelling carriers, and flashes 
alarm signals should any failure occur in 
any part of the system. 

If the carrier has been put into the tube 
with the ends reversed, or if the numbered 
rings have been set for a nonexistent re- 
ceiving station, the carrier will be discharged 
into a reject tube at the switching center, 
and a light will announce the inability of 
the system to determine its proper destina- 
tion. Visual indication also is given of the 
number of lines in operation, blower per- 
formance, blown fuses, and vacuum failure. 


Engineering Societies of U. S. 
and Europe Confer in Holland 


A conference of representatives from the 
Engineering Societies of Western Europe 
and the United States was held in The 
Hague, Holland, at the investigation of the 
Koninklijk van Ingenieurs, from September 
17-21, 1951. Representatives of the follow- 
ing engineering institutions were present: 
Societe Royal Belge des Ingenieurs et des 
Industriels, Belgium; Dansk’ Ingenigrforen- 
ing, Denmark; Suomalaisten Teknikkojen 
Seura and Tekniska Foreningen i Fin- 
land, Finland; Societe des Ingenieurs 
Civils de France, France; Koninklijk In- 
stituut van Ingenieurs, Holland; Den Norske 
Ingeniorforening, Norway; Svenska Tek- 
nologforeningen, Sweden; Schweizerischer 
Ingenieur- und Architekten-Verein, Switzer- 
land; The Institution of Civil Engineers, 
The Institution of Mechanical Engineers, 
The Institution of Electrical Engineers, 
United Kingdom; American Society of 
Civil Engineers, The American Society of 
Mechanical Engineers, American Institute 
of Electrical Engineers, United States. 

The Conference agreed that the following 
recommendations should be brought to the 
attention of the governing bodies of the 
participating societies: 1. That definitions 
of the terms Professional Engineer and 
Engineering Technician be made which 
would outline the qualifications and the 
duties of the two groups which would 
facilitate understanding between the par- 
ticipating societies of the Western European 
Engineering Conference. It was empha- 
sized that itis not the intention of the 
Conference to frame definitions which would 
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have any effect in dealing with national 
legislation in the countries concerned. 2. 
Interchange of views on principles and 
methods of engineering education. 3. Fur- 
ther consideration to the relationship of the 
Conference with UNESCO. 4.  Par- 
ticipating societies should keep the Con- 
ference Secretariat informed of conferences, 
meetings, and other dates to avoid clashing 
of the societies’ activities. 5: Continue 
study of abstracting services. 6. Facilities 
for visiting members be extended to the 
participating societies of the Common- 
wealth Conference and UPADI (Federation 
of Pan American Engineering Societies). 

The following resolutions were passed 
by the Conference: 1. The name of the 
Conference shall be abbreviated to EUSEC. 
2. The Conference resolves to retain in 
being a Working Party who have studied 
and reported upon the definitions of the 
terms Professional Engineer and Technician, 
in order to consider and report upon any 
comments received from the councils of the 
participating societies. 3. ‘The Conference 
resolves to supply information of Conference 
activities to the Conference of Engineering 
Institutions of the British Commonwealth 
and UPADI. 4. Liaison with other engi- 
neering conferences of engineering societies. 
5. Study the activities of the newly estab- 
lished International Federation of National 
Associations of Engineers which seems to 
duplicate the aims and objectives of the 
Conference. 6. Admittance of new mem- 
bers. 7. Exchange of information on bodies 
interested in engineering. 8. Encourage- 
ment to be given to visits from students’ 
groups. 9. Introduction of a biannual 
bulletin. 10. The next meeting will be 
held in Paris, France, in 1953. 


Standardized Steam Plants 
Goal of REA Economy Program 


Borrowers from the Rural Electrification 
Administration (REA) soon will be building 
standardized steam plants and already are 
purchasing the main items of equipment 
according to standard specifications. 
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Solenoid switching devices at the central 
station are actuated by a master relay 


panel. These switching devices start the 
carrier on its way to its proper destination 


REA electric distribution-line standardiza- 
tion was a major factor in reducing con- 
struction costs at the outset of the program, 
and standardization of steam plant con- 
struction is hoped to have a similar result. 
For instance, REA officials say that by 
carefully arranging equipment in a steam 
power plant and providing space for opera- 
tion that is ample but not wasteful, the 
cubage of the building under consideration 
has been cut to about half of that which is 
often used. 

In the past, practically all major steam 
power plants have been individually tailored. 
Standard specifications will permit com- 
ponents to be ordered largely from standard 
production lines in standard sizes. 

For the past year the Steam Plants Section 
of REA’s Power Division has been develop- 
ing the standards for REA steam power 
plants. REA’s Technical Standards Com- 
mittee already has approved a number of 
standards for components. As a result of 
this standardization, time, money, and 
materials will be saved in construction. The 
plants will be designed to operate with a 
high degree of efficiency. 

The first step taken was the standardization 
of the heat cycle—the arrangement of 
equipment for turning steam into electric 
energy—turbine generators, condensers, 
boiler feed pumps, deaerators, and evapo- 
rators. Then these elements themselves 
were standardized. This has been done for 
16,500- and 22,000-kw units while designs 
for 33,000-kw and 44,000-kw units also 
are under way. 

Steam generator (boiler) standardization 
plans still are being worked out. The 
varieties in fuel and methods of firing con- 
tribute to the difficulties. Preliminary 
layouts for steam generators already have 
been drawn, based on information obtained 
from boiler manufacturers. These plans 
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are being worked out in collaboration with 
manufacturers and others. 

Convincing savings in time, energy, and 
expense for everyone concerned, including 
the manufacturers, have resulted from the 
REA standards already adopted. Further 
savings will be derived from the uniform 
design and construction of components and 
buildings. 


GE and Cornell University to 
Sponsor Electronics Center 


A pioneering venture in educational and 
industrial research co-operation was revealed 
recently in a plan announced jointly by the 
General Electric Company and Cornell 
University for the establishment of an 
advanced electronics center at Ithaca, 
IN sag 

Initially, the center will occupy a large 
modernized laboratory building located on 
Cornell property adjacent to the Ithaca East 
Hill airport. Modification of the building, 
already begun, is scheduled to be complete 
by February 1952. Employment at the 
center during its first year of operation is 
expected to reach 80 people, more than half 
of them scientists. 

The project’s over-all purpose “‘is to carry 
out advanced study and development in the 
field of electronics, and at the same time 
provide scientists and engineers with teach- 
ing and educational opportunities of a type 
never previously established.” 

An immediate objective of the new 
center will be an attempt “to fulfill the 
rapidly increasing needs of both industry 
and the armed services for additional mili- 
tary electronics research and development 
facilities.” It will supplement the com- 
pany’s electronics research activities at 
Electronics Park, Syracuse, and Schenec- 
tady, N. Y. 

Projects to be carried on at the center 


during the present national emergency may 
include the development of such items as 
control systems for guided missiles, electronic 
countermeasures, and infrared systems. 

Activities at the center will be directed 
by a four-man management team—two 
men of industry and two men of science. 
Their combined skills and experience 
represent fully the abilities required in the 
various scientific, industrial, military, and 
academic aspects of such a pioneer venture. 

Representatives of Cornell will have a 
definite part in the approval of projects to 
be assigned to the center by General Electric. 

Cornell will give faculty appointments to 
a number of staff members of the center, in 
accordance with their qualifications. They 
will be granted full faculty privileges on the 
campus, and may be used by the University 
to teach appropriate classes. Their work 
at the center will be arranged so that such 
teaching assignments at Cornell will not be 
interrupted by their laboratory work for 
the company. 

Certain members of the faculty and staff of 
Cornell may be employed by the General 
Electric Company on a part-time salary 
basis or as consultants. Graduate and fifth- 
year students at Cornell may be employed 
on a part-time basis to perform work at the 
center. Graduate students working at the 
center also may conduct work on their 
graduate theses or dissertations by mutual 
agreement of representatives of the Uni- 
versity and the company. 


Ocean Depth Measurements 
Accurate to 6,000 Fathoms 


A new type of echo-sounding equipment 
which permits accurate readings of the 
ocean’s depth from 10 feet to 6,000 fathoms 
has been developed for the United States 
Navy by the Edo Corporation, College 
Point, N. Y. The new equipment is the 


Giant Bearing Gets Superfine Polish 


A mirror-smooth finish is 
put on the rotating element 
of a hydrogenerator thrust 
bearing in this final grind- 
ing operation at General 
Electric’s large Motor and 
Generator Department, 
Schenectady, N. Y. The 
bearing must support a 
load of almost 2,000,000 
pounds, including the 
weight of all rotating parts 
of the generator and hy- 
draulic turbine plus the 
thrust of the turbine. The 
superfine polished surface 
is necessary to establish a 
film of oil only a few thou- 
sandths of an inch thick 
which separates the rotating 
element of the bearing from 
the stationary part 
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first of its type developed which will me: 
accurately extreme ocean depths. Pre 
deep soundings required elaborate ¢ 
ment on special survey vessels with 
soundings made from stationary posi 
Designated officially as the AW/U 
the new equipment makes possible 
greater range and accuracy than has b 
achieved in previous echo-sounding equ 
ment. More effective and immediate 
of the information supplied by echo-sound 
is accomplished by improved readabil 
For depths ranging from 10 feet to 100 
fathoms, the readings are made from ¢ 
cathode-ray tube. Deeper soundings, from 
100 to 6000 fathoms, are recorded on graph 
paper. 
Most dramatic tests so far for the new 
UQWN developed by Edo have been made 
off Puerto Rico over the Brownson Deep 
where depths of 4,270 fathoms, or 25,62 
feet, were recorded with accuracy and ease 
Presumably, the UQWN will provide con- 
tinuous readings of any known 
depth including the Mindanao Deep 
the Philippines which is 5,800 fathoms. 
Two units make up the AN/UQN—the 
transducer which transmits and receives 
signals from the bottom of the ship and the 
main electronic unit located usually on the — 
bridge or in the navigating room. Main ~ 
reason for the UQWN’s increased accuracy 
and range is its increased power. Despite 
this increased power the UQ.N is just half the 
size and weight of previously used Navy — 
equipment. ; 


Ocean 


? 


Cleveland Trolley Coaches 
Feature New Electric Drive 


The 50 new trolley coaches being placed — 
in service by the Cleveland Transit System, ~ 
Cleveland, Ohio, are among the first in the © 
nation to be equipped with the new motor 
and control system developed recently by 
the Westinghouse Electric Corporation. — 

The heart of the new coaches is the — 
Westinghouse superseries motor, which 
retains the advantages of the series motor 
formerly used in trolley coaches but has 
additional features as well. When teamed 
with the newly developed Electrocam contr ol 
system, it makes possible smoother starts 
and gliding, rather than jerking, stops. 

When used for traction purposes, the 
motor provides an infinite number 
accelerating rates for smooth starts. W. 
power is removed, it operates as a br 
and brings the coach to a gradual halt. 
This brake will be used for-normal stops, 
but air brakes will be used in an emergency. 

The simplicity of the electric equipment, 
plus easy maneuverability and the absence 
of noise and fumes, mean less driver fatigue 
and, consequently, greater safety. 


U. of Calif. Gets Synchrotron 
for Cancer Treatment Studies 


An atom-smasher, developing the most 
powerful X-ray beam ever generated specifi- 
cally for the treatment of cancer, is now 
being assembled at the University of Cali- 
fornia School of Medicine, San Francisco. 

The synchrotron, designed and constructed 
by the General Electric Company, produces 
an X-ray beam of 70,000,000 volts. With 
it, University of California scientists will do 
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Fhat ultrahigh-energy X rays have some 
pdvantages in treating deep-seated cancer. 
} The new cancer-fighting weapon is being 
Feassembled in a 2-story building con- 
structed especially to house it and its asso- 
iated laboratory. Total cost of the machine 
jand the building, all financed by Atomic 
Energy Commission funds, is about $500,000. 
The new synchrotron will not be used in 
he treatment of human patients for some 
time to come. The early work will be 
devoted to determining the effect of ultra- 
thigh-energy X rays on animals. The ma- 
hine will have considerable flexibility, since 
it can be adjusted between 20-70,000,000 
olts. Work with the 20,000,000-volt beta- 
ron, presently the most powerful X-ray 
eapon in use for cancer treatment, indicates 
it is possible to put a higher dose of radiation 
mn deep-seated tumors than with lower 
voltage machines. At 70,000,000 volts this 
effect may be even more pronounced. 
When assembled, the 16-ton machine will 
be mounted on huge trunnions, somewhat 
like an ordinary X-ray machine. By means 
of powerful auxiliary machinery, the magnet 
can be moved to adjust the X-ray beam. 


RCA to Sponsor Fellowships 
for Study in Electronics 


Predoctoral Fellowships in Electronics sup- 
ported by the Radio Corporation of America 
(RGA) and administered by the National 
Research Council will be available for the 
academic year 1952-53. It is the purpose 
of these fellowships to give special graduate 
training and experience to young men and 


LETTERS TO 


INSTITUTE members and subscribers are invited 
to contribute to these columns expressions of opinion 
dealing with published articles, technical papers, 
or other subjects of general professional interest. 
While endeavoring to publish as many letters as 
possible, Electrical Engineering reserves the right 
to publish them in whole or in part or to reject them 
entirely. Statements in letters are expressly under- 


Electric Machinery Textbooks 


To the Editor: 


In the study of a-c machinery such as 
motors, generators, and transformers, alter- 
nating magnetic fluxes as well as alternating 
currents are involved. Textbooks treat 
alternating currents very methodically. The 
various quantities are measured in practical 
units and their relations are indicated clearly. 
However, as a rule no corresponding treat- 
‘ment of alternating fluxes is presented. 
Consequently the student does not develop 
a clear conception of the actions of alterna- 
ting fluxes. It seems that if textbooks would 
supply a method of analysis of alternating 
fluxes similar to that applied to alternating 
currents, it would be a material aid in 
developing an understanding of a-c machines. 

Alternating fluxes operate according to 
natural laws similar to those governing 
alternating currents. The alternating flux 
may lag its magnetomotive force in time just 
as alternating current may lag its electro- 
motive force, and the power expended in 
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fome pioneering research on the possibility — 


women who have demonstrated marked 
ability in the general field of electronics, 
either as a branch of electrical engineering 
or as part of the general field of physics. 
A fellow must be a citizen of the United 
States with training in electronics equivalent 
to one year beyond the bachelor’s degree. 

Applications must be filed before January 
10, 1952; awards will be announced about 
March 15. Further information may be 
obtained from the Fellowship Office, Na- 
tional Research Council, 2101 Constitution 
Avenue, Washington 25, D. C. 


General Electric Announces New 
Step-Motor Impulse Counter 


A newly designed step-motor impulse 
counter to provide 100 per cent accuracy 
up to 60 counts per second has been an- 
nounced by the Special Products Division of 
the General Electric Company. 

Designed to cover counting ranges above 
those possible with electromechanical count- 
ers and below those in which scalers normally 
are required, the device has a counting 
range which makes it especially useful in 
high-speed production counting. 

The step-motor impulse counter consists 
of a step motor with a resetting-type register, 
and a power supply enclosed in a steel case. 
The step-motor and register assembly are 
mounted on the power supply enclosure, 
which contains an electronic switch and a 
high-voltage supply capable of supplying 
the power requirements of a phototube 
preamplifier. The counting assembly can 
be removed easily and placed in a remote 
position such as a control panel. 
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stood to be made by the writers. Publication here 
in no wise constitutes endorsement or recognition 
by the AIEE. All letters submitted for publication 
should be typewritten, double-spaced, not carbon 
copies. Any illustrations should be submitted in 
duplicate, one copy an inked drawing without 
lettering, the other lettered. Captions should be 
supplied for all illustrations. 


the alternating magnetic circuit can be 
measured in terms of magnetomotive force 
and flux and their time angle relation just 
as the power expended in an alternating 
electric circuit is measured in terms of 
electromotive force and current and their 
time angle relation. However, since the 
electromotive force is in time quadrature 
with the flux, while the magnetomotive 
force is in phase with the current, the angle 
of current lag is complimentary to the angle 
of flux lag. Consequently, in dealing with 
alternating fluxes, the sine of the time angle 
between magnetomotive force and flux 
must be used where the cosine is used with 
alternating currents. When voltage and 
current are in time quadrature and the 
power factor is zero, magnetomotive force 
and flux are in phase. In this case the sine 
of their time angle is zero and the watts 
are also zero. When magnetomotive force 
and flux are in time quadrature, electro- 
motive force and current are in phase, the 
power factor is unity, the sine of the time 
angle between magnetomotive force and 


Of Current Interest 


flux is also unity, and the power equals the 
product of magnetomotive force and flux. 

To further illustrate the relations between 
the alternating electric and magnetic cir- 
cuits, consider the fundamental equations 
for electromotive force and magnetomotive 
force: 


E= 4.45 FoN 


ioe (1) 


where E=volts; F=frequency; ¢=flux in 
lines of force; and M=number of turns. 


M=WNI...... I=M/N (2) 


where 44=ampere turns or magnetomotive 
force. 
P=EI cos 6g (3) 
where J=current; P=watts; 6§,=time 
angle between £ and J. ; 
Equation 3 represents the power ex- 
pended in an a-c circuit. Substituting in this 
equation the values of E and J in terms of 
the alternating magnetic circuit, derived 
from equations 1 and 2, and also substituting 
sin @y, the time angle between M and ¢ 
in place of cos @g, since @g and @y are 
complimentary angles and cos @g=sin 64, 
we have 


445 FNOM . 
PS Th ave ai sin Ou 


4.45F F 


Power systems are operated at fixed 
constant frequencies. For a given frequency 
the quantity in the parentheses becomes a 
constant, reducing the equation in this case 
to: 


P=KMo¢ sin Oy 


or 
267 
=e sin 03, for 60 cycles 


The difficulty in the practical application 
of this equation appears to be the lack of a 
system of practical units applying to the 
magnetic circuit. The inductive effect in 
the electric circuit causing the current to 
lag the electromotive force is recognized in 
textbooks as reactance. The corresponding 
inductive effect in the magnetic circuit, 
causing the flux to lag the magnetomotive 
force, generally is neglected entirely. Re- 
luctance is recognized as corresponding to 
resistance but there appears to be no prac- 
tical unit of reluctance corresponding to the 
ohm. 

While the student naturally develops a 
knowledge of these relations through ex- 
perience, it seems that if they were presented 
in textbooks devoted to a-c machinery it 
would enable him to develop a clear under- 
standing of the subject at an earlier stage.’ 
Since the magnetic circuit is equally as 
essential as the electric circuit in a-c ma-: 
chines, it seems that alternating fluxes should 
receive attention equal to that of alternating 
currents in textbooks devoted to a-c ma- 
chinery. 


EDWARD BRETCH 
(Century Electric Company, St. Louis, Mo.) 
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NEW BOOKS eeeee 


The following new books are among those recently 
received at the Engineering Societies Library. Un- 
less otherwise specified, books listed have been pr-- 
sented by the publishers. The Institute assumes no 
responsibility for statements made in the following 
summaries, information for which is taken from the 
prefaces of the books in question. 


ADVANCED DYNAMICS. 2 Volumes, By E. H. 
Smart. Macmillan Company, New York, N. Y., and 
London, England, 1951. Volume I, 419 pages; 
Volume II, 420 pages; diagrams, tables, 8*/4 by 53/4 
inches, linen, $12.00 per set. Volume I, Dynamics 
of a Particle, gives a full discussion of rectilinear motion 
with acceleration directed towards and away from a 
fixed point, oscillating particles, simple harmonic 
motion with unresisted and damped vibration, and 
impulsive forces applied to problems of impact. Volume 
II, Dynamics of a Solid Body, provides a full analysis 
of d’Alembert’s principle and the equations of motion 
in two and three dimensions, Lagrange’s equations and 
generalized co-ordinates, the motion of a top, Hamilton’s 
equations, and general theorems on impulses. 


AIR CONDITIONING IN SUMMER AND 
WINTER. By R. E. Holmes. Second edition. Mc- 
Graw-Hill Book Company, New York, N. Y.; Toronto, 
Ontario, Canada; London, England, 1951. 352 pages, 
tlustrations, diagrams, charts, tables, 9!/2 by 6 inches, 
cloth, $5.75. An elementary but comprehensive treat- 
ment of the science of air conditioning. Intended for 
those who wish to work in that field, the book presents 
such information as will give an understanding of the 
practical problems of designing and installing air- 
conditioning apparatus and of the principles and 
methods by which these problems are worked out. 
New material has been added in this edition on heat 
pumps, adsorption systems, water chillers, compressors, 
eae plage systems, packaged air conditioners, de- 


umidifiers, and so forth. 


(THE) ALGEBRA OF VECTORS AND MATRICES. 
By T. L. Wade. Addison-Wesley Press, Cambridge 
42, Mass., 1951. 189 pages, diagrams, tables, 88/4 by 
5%/¢ inches, linen, $4.50. This is an elementary ex- 
pository presentation of matrix and vector algebra, 
use being made of basic concepts of modern algebra, 
that is, group, integral domain, field, ring, basis, dimen- 
sion, and isomorphisms concepts. The book serves asa 
prerequisite for work in matrix and tensor calculus and 
is intended for students, engineers, and other scientists. 


APPLIED MECHANICS FOR ENGINEERS. By 
Sir Charles Inglis. Cambridge University Press, 
American Branch, New York, N. Y., 1951. 404 pages, 
diagrams, charts, tables, 10 by 7 inches, linen, $7.50. 
This comprehensive textbook begins with the funda- 
mental principles of rigid-body statics and the use of 
graphical methods in problems. The 18 succeeding 
chapters cover taut wires and catenaries, framework 
Stresses and deformations, friction, kinematics, harmonic 
and circular motions, moments of inertia and momen- 
tum, the principle of energy, gyroscopic principles and 
applications, and aspects of the vibration problem. 


AUTOMATIC FEEDBACK CONTROL. By W. R. 
Ahrendt and J. F. Taplin. McGraw-Hill Book Com- 
pany, New York, N. Y.; Toronto, Ontario, Canada; 
London, England, 1951. 412 pages, illustrations, 
diagrams, charts, tables, 91/4 by 61/4 inches, cloth, $7.50. 
The material in this new text on the analysis and 
design of automatic feedback control systems is divided 
into two parts: discussion of the theory of automatic 
control, and a detailed treatment of the types of problems 
encountered in industry, Examples of the various 
classes of instruments are presented, showing both 
functional and constructional requirements. The 
author covers the field of servomechanisms, speed 
governors, and of temperature, pressure, flow, and liquid 
level controls, 


PRACTICAL ELECTRICITY AND MAGNETISM. 
By M. Rubin. Chemical Publishing Company, New 
York, N. Y., 1951. 356 pages, diagrams, tables, 8%/4 by 
51/2 inches, cloth, $7.50. This book is an elementary 
survey of electricity and magnetism, with a special 
emphasis on recent developments in magnetism. Sepa- 
rate chapters are devoted to electrostatics, electric 
currents, electric meters and measurements, magnetism, 
electronics, electric conductivity of gases, practical 
applications of electricity, and recent developments, 
Such topics as transmission lines, lighting, telegraphy, 
telephony, radio, television, and radar receive brief 
treatment. 
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PRINCIPLES OF ELECTRICAL ENGINEERING. 
By W. H. Timbie, V. Bush, and G. B. Hoadley. Fourth 
edition. John Wiley and Sons, New York, N. Y.; 
Chapman and Hall, Ltd., London, England, 1951. 
626 pages, illustrations, diagrams, charts, tables, 81/2 by 
51/a inches, linen, $6.50. Written for electrical engineer- 
ing students, this book is intended as a text for a first 
course on the basic principles upon which modern 
electrical engineering rests. Some of the more im- 
portant topics and methods stressed in this fourth 
edition are: advanced methods for analyzing electric 
and magnetic problems, powerful methods of circuit 
analysis, the fundamental problems of the electric and 
magnetic fields, and the relation of these problems to 
circuit analysis. 


SYNTHESIS OF ELECTRONIC COMPUTING 
AND CONTROL CIRCUITS. (Annals Volume 27 
of the Computation Laboratory of Harvard University.) 
Published by the Harvard University Press, Cambridge, 
Mass,, 1951. 278 pages, illustrations, diagrams, charts, 
tables, 10/s by 73/4 inches, cloth, $8.00, This book 
provides a systematic and practical approach to the 
logical design of circuits for use in electronic computing 
and control, with special emphasis on the design of 
digital computing machinery. Only the elementary 
rules of algebra are employed in the mathematical 
analysis of the electronic circuits presented and in the 
development of methods for the rapid and economical 
design of electronic switching apparatus. 


TABLES OF nl AND [(n+!/2) FOR THE FIRST 
THOUSAND VALUES OF n. (Applied Mathematics 
Series Number 16.) United States Bureau of Standards, 
Washington, D. C., 1951. 10 pages, tables, 10 by 8 
inches, paper, $0.15, for sale by Government Printing 
Office, Washington 25, D. C. These tables give values 
for factorial n to 16 significant figures and for the ac- 
companying function to eight significant figures. The 
values are tabulated in such a way as to facilitate their 
use by covering 100 integers per page. 


TABLES RELATING TO MATHIEU FUNCTIONS, 
prepared by the Computation Laboratory of the Na- 
tional Bureau of Standards. Published by Columbia 
University Press, New York, N. Y.; 1951. 278 pages, 
tables, charts, 103/4 by 8 inches, cloth, $8.00. Tables 
given in this volume provide the following: character- 
istic values of Mathieu’s differential equation; special 
coefficients; joining factors; and other specialized values 
of relevant nature. The introduction includes a general 
survey of the characteristics of the functions, methods 
of handling them, interpolations, and the methods used 
in computing the tables. Values in the tables are 
given to seven or more decimal places. 


TELEVISION PRINCIPLES. By R. B. Dome. 
McGraw-Hill Book Company, New York, N. Y.; 
Toronto, Ontario, Canada; London, England, 1951. 
291 pages, diagrams, charts, tables, 91/4 by 6 inches, 
linen, $5.50. Based on a series of lectures constituting 
a training course for employees of the General Electric 
Company, this book provides a practical treatment of 
the principles and theory of all stages of television trans- 
mission and reception. It is assumed that the reader 
is familiar with the fundamentals of calculus, d-c and 
a-c theory, radio-frequency phenomena, and vacuum 
tubes. Although the treatment is thorough, only the 
essential mathematics are employed. 


THEORY AND DESIGN OF TELEVISION RE- 
CEIVERS. (McGraw-Hill Television Series.) By S. 
Deutsch. McGraw-Hill Book Company, New York, 
N. Y.; Toronto, Ontario, Canada; London, England, 
1951. 536 pages, illustrations, diagrams, charts, 
tables, 91/ by 6 inches, linen, $6.50. Written for the 
senior or graduate electrical engineering student, this 
book presents a physical explanation for the behavior of 
various television receiver circuits, develops the mathe- 
matical theory concerning the circuits, and discusses 
the practical design of receiver circuits. Each of the 
basic sections of a television receiver, from the antenna to 
the picture tube, is treated in separate chapters, One 
chapter is devoted to receiver servicing techniques, 
am gt transmitters and color television are not dis- 
cussed. 


PERFORMANCE OF A PISTON-TYPE AERO- 
ENGINE, By A. W. Morley. Sir Isaac Pitman and 
Sons, Ltd., London, England, 1951. 143 pages, charts, 
diagrams, tables, 88/; by 51/s inches, linen, 25s. Of 
interest to those engaged in the design of aircraft and 
aircraft power units, this small volume gives an account 
of the author’s research into the behavior of the piston- 
type engine under varying conditions of flight. The 
first Part deals with aero-engine altitude laws and their 
Laeharen seats to a Merlin engine. The re- 
mainder considers the combinati i i 

ape pare tion of a piston unit and 
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_ 44th Street, New York 17, N. Y. 


- Electric Stairways Buyer’s Guide. 


STARKSTROMTECHNIK. Teill. By E.v, Rz 
Eighth edition revised. Verlag von Wilhelm Ernst 
Sohn, Berlin, Germany, 1951. 303 pages, illustratic 
diagrams, charts, tables, 81/4 by 54/4 inches, ; 
D.M. Part I of a set.on heavy-current technology, 
book is devoted to the physical principles of electrici 
In Section I, the electromagnetic field theory is di 
cussed on the basis of Maxwell’s principles, and 
ionization theory of electricity is presented. Section 
considers the electrical measurements including ¢ 
mon apparatus, circuits, and measuring methods, 
remaining sections deal with the electrical charac 
tics of metals and of organic and inorganic insula) 
materials, and with rectifiers and accumulators. 


TRANSIENTS IN POWER SYSTEMS, By H. 
Peterson. John Wiley and Sons, New York, N, 
Chapman and Hall, Ltd., London, England, 1951. 
pages, illustrations, diagrams, charts, tables, 91/4 
inches, linen, $6.50. Written for those engaged in q 
studying for the field of power system and apparatus de 
sign, this book organizes and consolidates our prese 
knowledge of electric transients in power systems, wi 
particular emphasis on power system o oltag: 
Specific cases are utilized, and a variety of situatic 
examined in detail, The book deals both with non 
and complex linear circuits, Some 500 references 
listed chronologically and by author in the biblio 


PAMPHLETS eeee 


interest to readers of ‘Electrical Engineering.” 
inquiries should be addressed to the issuers. 


Index to NEMA Standards Publication 
This index is to aid the users of Nati 

Electrical Manufacturers Associatio 
(NEMA) Standards Publications in choos 
those which would best meet their individu 
needs. Copies available on request from 
Engineering Department, National Elec 
trical Manufacturers Association, 155 Ea: 


mation about the electric stairway and 
function in moving people conveniently 
economically in stores, banks, office bul 
ings, transportation terminals, restaurz 
theaters, factories, and other buildings. 
Available sizes are listed and information i 
given on price data, applications, and ar 
rangement and layout of stairways. 3 
pages. Booklet B-4582 available from Mz 
E. B. Dawson, Department T, Elev 
Division, Westinghouse Electric Corpor: 
tion, Jersey City, N. J. - 7 


* 


Screw Thread Gauges and Gaugin g 
This standard for gauges and gauging p 
tice is supplementary to the Ameri 
Standards Association Standard B7.7 an 
designed to facilitate adherence to thre: 
dimensions of that standard, with result 

interchangeability of product, without mod 
fying or restricting its requirements 
limits of size. $4.00 per copy. Avai 
from Publication Sales Department, ' 
American Society of Mechanical Engine 
29 West 39th Street, New York 18, N. 


The How Book of Cost Cutting 
Handling. Concerned with basic 
ground material covering types 
pallets, and other industrial handlir 
Contains a comprehensive plan for 
ting present handling methods thro 
engineering analysis. Available upo 
quest from the Yale and Towne } 
turing Company, 11,000 Roosevelt 
vard, Philadelphia 15, Pa. % 
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‘Temperature coefficients cover many resistance values in 1R¢ 
Type BW Insulated Wire Wound Resistors. At /2, 1 and 2 watts, the 
are exceptionally stable, economical units for low range application 
such as meters, analyzers, spark suppression units, TV circuits, lov 
power ignition circuits. Resistance elements are wound uniformly ot 
insulated core. Molded phenolic housing protects against humidif) 


and grounding. Noise and aging are negligible. Technical datc 
Bulletin B-5 contains full details. 


; pnocually rapid dissipation - hear IRC Fixed 
justable Power Wire. Wound Resistors give 
d performance in every characteristic. ‘Special 
‘coatings are designed for low range high tempera- 
equirements—or for maximum protection against 
eme atmospheric conditions. For exacting, heavy-duty 
plications—high voltage bleeders, bias supply, grid 
“filament dropping resistors—PW W's are available 
| full range of sizes, types and terminals. Leading 
justrial, aircraft and broadcasting users have specified 
for mo ears. Tech ical data Bulletin C-2 
fe complete information 


For extremely fast heat dissipation, the unique mounting bracket: 
of Type MW Wire Wound Resistors actually transfer heat fron 
_ chassis to outside. Other radical departures from conventional desig 
give MW’s widest adaptability to individual requirements. MW’s are 
flat wire wound resistor strips, permanently enclosed by high pressure 
molding in a special mica-filled phenolic compound. Special feet per- 
mit mounting on any flat metal surface. Low initial cost, lower mount. 
ing cost, flexibility in providing taps at low cost, and savings in space 
all offer amazing economies. Ask for technical data Bulletin B-2 


en you’re in a hot spot and need 


Derimental or maintenance quan- 
es of standard resistors double- 
ick, phone your IRC Distributor. i 
F 


(C’s Industrial Service Plan pro- 
es him with a full stock of 
iformly dependable standard 
istors; he can give you fast, 
| ei delivery of small- 
ler requirements. We’ll be 
d to send you his name 


d address. 


INTERNATIONAL RESISTANCE COMPANY 

411 N. BROAD ST., PHILADELPHIA 8, PA. 

Please send me complete infermatien en the items checked below: 
[.] Advanced BT Resistors (B-1) (_] BW Resistors (B-5) 


{_] Power Wire Wounds (C-2) CL) MW Resistors (B-2 
(] Name and Address ef neerest IRC Distributor 


NAME 


TITLE 


COMPANY, 


ADDRESS. 


2) pa ZONE_____STATE 


J. F. ARNDT & CO., ADV. AGENCY 


SILVER 
GRAPHALLOY 


For extraordinary 
electrical performance 


THE SUPREME BRUSH 
AND CONTACT MATERIAL 


for BRUSHES 


* for high current 
density 


¢ minimum wear 
® low contact drop 
-@ low electrical noise 


© self-lubrication 


for 
CONTACTS | 


© for low resistance 


® non-welding 
character 


* 
Graphalloy is o special 


silver-impregnated graphite 


| Accumulated design experience counts — 
4 call on us! 


GRAPHITE METALLIZING 


CORPORATION 


1053 NEPPERHAN AVENUE, YONKERS 3, NEW YORK 
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-announced 


INDUSTRIAL NOTES .... 


Marks Made Sales Manager of Rome 
Cable. Frederick S. Marks has been 
made sales manager of the Rome Cable 
Corporation. 


United States Rubber Purchases Chicago 
Company. The United States Rubber 
Company has acquired the assets of the 
Chicago Die Mold Manufacturing Com- 
pany, custom molder of plastic radio 
cabinets, dials, and other plastic products. 
The business will be operated as Chicago 
Die Mold, Division of the parent company. 
The former owner, E. A. Petersen, will 
remain as manager. 


Stackpole Opens Pennsylvania Plant. 
A branch plant for the manufacture of 
electronic components has been opened 
in Kane, Pa., by the Stackpole Carbon 
Company. 


Hubbard Election. Erling Wessel has 
been elected a member of the Board of 
Directors of Hubbard and Company. Mr. 
Wessel joined the Hubbard organization 
35 years ago as a sales engineer. 


Tenn-Tex Alloy and Chemical to Con- 
struct New $1,000,000 Plant. The 
newly formed Tenn-Tex Alloy and Chemi- 
cal Corporation has announced plans to 
build a $1,000,000 plant in Houston, 
Tex., to produce ferromanganese, ferro- 
silicon, and other alloys. The plant will 
import approximately 5,000 tons of man- 
ganese ore a month through the Port of 
Houston from Cuba, India, South Africa, 
Mexico, and South American countries. 


Sprague Appointment. James C. P. 
Long has been appointed to the Washing- 
ton, D. C., engineering staff of the Sprague 
Electric Company of North Adams, Mass. 
Mr. Long was formerly head of the 
Material Co-ordination Section of the 
Bureau of Aeronautics, United States Navy 
Department. 


G-E News. The General Electric Com- 
pany has announced the formation of six 
new Operating divisions which include the 
majority of the departments which con- 
stituted the former large and small appa- 
ratus divisions. The new divisions, with 
their headquarters locations, are as follows: 
Turbine Division, Schenectady, N. Y.; 
Motor and Generator Division, Schenec- 
tady, N. Y.; Transformer and Allied 
Products Division, Pittsfield, Mass.; Meas- 
urements and Industrial Products Division, 
Lynn, Mass.; Switchgear and Control 
Division, Philadelphia, Pa.; and the 
Components Products Division, Fort 
Wayne, Ind. 

The General Electric Company also has 
that its Major Appliance 
Division has officially established head- 
quarters in Louisville, Ky. Formerly 
headquartered at Bridgeport, Conn., the 
division has its principal offices and mailing 
address at 310 West Liberty Street, Louis- 
ville, until an administration building is 
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is not affected by stray or parasitic currents 


constructed at Appliance Park in nearb 
Buechel. 


Canadian Aviation News. Canadian 
Aviation Electronics, Ltd., Montreal, 
Canada, has announced formation of a 
subsidiary company, CAE (Overseas) Ltd., 
41 Kingsway, London, W. C. 2, England. 
Wing Commander G. C. Cunningham, 
O.B.E., has been named managing director. 
The company also has announced the 
appointment of H. Arnold Cowan as its 
new production manager. 


NEW PRODUCTS ee 


Fault or Cross Locater. A new testing 
and fault-locating instrument enables 
trouble shooters and electrical maintenance 
men to determine the exact location of 
faults or crosses by a direct meter reading. 
The instrument, developed by R. F. Miller 
and Sons, Harvard, Neb., is a portable 
device which can detect the exact location 
of line-to-line or line-to-ground crosses and 


invading ground connections. A built-in 
ohmmeter measures resistance from 0 to 2 
megohms. Current for ohmmeter and 
neutralizer is supplied by a self-contained 
battery. The instrument detects the loca- 
tion of a fault or cross on any conductor 
which has a resistance of at least 0.1 ohm 
for each 50,000 ohms of resistance of the 
cross or fault. Further information may be 
obtained from R. F. Miller and Sons. 


Portable Engine Analyzer. A new 
portable engine analyzer which electroni- 
cally detects, locates, and identifies detailed 
ignition and mechanical troubles in power * 
plants containing any number of cylinders 
has been developed by the Sperry Gyro- 
scope Company. A _ cathode-ray tube 
screen on the analyzer shows the flight 
engineer or engine mechanic the internal 
operating condition of the engine while it is 
running. It warns of cylinder and acces- 
sory failures such as bad spark plugs, stick- 
ing or damaged valves, and preignition 
before they can become serious. The ana- 
lyzer is designed for high-altitude airborne 
use as well as for ground use. It is also” 
applicable to monitoring troubles in air-— 
craft accessories and in any spark-ignition 
type engine. Principal feature of the new 
analyzer is a new timing adjustment which 
makes setting of the timing generator on 
the engine unnecessary. By turning a knob 
shaft on the panel of the instrument, the 
operator can synchronize the analyzer 
accurately to any angle of the engine’s” 
rotating crankshaft. The cathode-ray 
pattern is calibrated in degrees of engine 
crank angle. Calibrations are read on a 
continuous dial of the “cycle selector” con- 
trol which moves the cylinder events across 
the screen. This calibration tells the 
operator exactly when a particular event 
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BECAUSE EVERYBODY PROFITS! 


OOD VOLTAGE REGULATION pays dividends 
G all around. Customers get all the elec- 
tricity they need. And they get full value from 
the power they pay for because their equipment 
performs better and lasts longer. 

But accelerated growth is pushing peak loads 
near estimates made a few years ago for 1953, 


and regulation must be achieved in the face of 
expanding loads and material shortages. 

Now more than ever, your experienced Allis- 
Chalmers representative can help you utilize the 
wide line of A-C equipment to solve your power 
distribution — and production — problems. 
Allis-Chalmers, Milwaukee 1, Wisconsin. 4.3488 


Ruptor and Regulex are Allis-Chalmers trademarks. 


It Pays to Keep Pace with Machinery Progress 


DUPLEX SWITCHBOARDS are 
factory assembled for economical in- 
stallation. Convenient centralized 
secondary control for primary cir- 
cuits assures good voltage regulation 
at the beginning of the line. 


POSITIVE 
PROTECTION 


OIL CIRCUIT BREAKERS team up 
Ruptor quick-quench interruptors 
with mechanically trip-free pneu- 
matic or solenoid operators to mini- 


mize system voltage variation by _ 


prompt isolation of system faults. 


CUSTOM 
ENGINEERED 


jae | me . ois A 


SYNCHRONOUS CONDENSERS 
— used indoors or out — supply 
reactive kva to regulate voltage and 
stabilize large transmission systems. 
Air or hydrogen cooled. Regulex 
control adds fast response to changes. 


Over 
17,000 copies now 
in use! 
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THE RELAY 
DATA 
YOU NEED... 


at your Fingertips! 


This famous 640-page Struthers-Dunn RELAY ENGI- 
NEERING HANDBOOK answers your questions about relays 
—explains fundamental types—tells what types to use 
for specific applications—serves as a comprehensive guide 
to relay circuits, relay selection, application, use and 
maintenance. Contains over 1100 illustrations. Limp 
bound in convenient pocket size. Price $3 per copy. 


STRUTHERS 


fl 
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\ 
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STRUTHERS-DUNN, Inc., 150 N, 13th St., Philadelphia 7, Pa. 
BALTIMORE « BOSTON + BUFFALO » CHARLOTTE » CHICAGO * CINCINNATI 
CLEVELAND + DALLAS + DETROIT * KANSAS CITY « LOS ANGELES 
MINNEAPOLIS » MONTREAL « NEW ORLEANS » NEW YORK » PITTSBURGH 
ST.LOUIS »« SAN FRANCISCO + SEATTLE ¢ SYRACUSE * TORONTO 
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is occurring in terms of engine cycle time. 
The analyzer can operate on any power 
line frequency from 50 to 500 cycles. The 
Sperry Gyroscope Company, Division of 
The Sperry Corporation, Great Neck, 
N. Y., will supply any further details on 
the instrument. 


Expulsion-Type Lightning Arrester. A 
new De-ion expulsion-type lightning arres 
ter, type LX, for protecting distribution 
apparatus incorporates a new method of 
limiting power follow current on systems 
having fault currents as high as 20,000 
amperes. It is available from the Westing- 
house Electric Corporation, Box 2099, 
Pittsburgh, Pa. A spiral fiber filler pro 

vides longer lightning-arrester life and 
positive protection by lengthening the 
power arc path to four times the original” 
spark path. As a result, the power follo: 
current is limited to a fraction of the avail- 
able fault current. Although the are path 
is lengthened considerably, spark-over — 
values are kept low by high field stresses 
between the upper electrode and the metal 
shield surrounding the fiber arc chamber. 
A steel-reinforced arc chamber and the © 
spiral groove in the fiber filler, which 
store gases generating during surge dis-— 
charge, make the lightning arrester capable — 
of withstanding surge currents in excess of 
65,000 amperes. Built to AITEE and 
National Electrical Manufacturers Asso- 
ciation Standards,. the type LX lightning — 
arrester is available in ratings of 3, 6, and 
9 kv, and will be available later in ratings 
of 12, 15, and 18 kv. The Westinghouse 
Electric Corporation will furnish any fur-— 
ther information. } 


Small Synchronous Motor. A small syn- 
chronous motor which operates on the 

reluctance principle, has no brushes, slip 
rings, rotating coils, or permanent magnet, 
has been announced by the Allis-Chalmers 

Manufacturing Company. It can be built — 
to operate continuously at any voliaaaay 
below 250 volts, either single phase or — 
polyphase. It develops 8 ounce-inch start- 
ing torque and 0.8-inch synchronous — 
torque. No starting equipment is required, — 
the motor being able to start and pull into 
step at any frequency from 10 to 400 
cycles. This motor is the first of new Allis— 
Chalmers developments being made avail- 
able to original equipment designers on an 
experimental basis. It is one of various 
products developed primarily for military 
or special industrial equipment. Any in- 
quiries should be addressed to the Allis- 
Chalmers Manufacturing Company, In- 
dustrial Press, General Machinery Division, 
Milwaukee 1, Wis. 
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A-C Voltage Regulator. Sorensen and 
Company, Inc., 375 Fairfield Avenue, 
Stamford, Conn., has announced a new 
unit, Model 1001 a-c line voltage regulator 
with a regulation accuracy of +0.01 pe 
cent over a load range of 1 to 1,000 volt- 
amperes. Input is 95 to 130 volts a-c, 
single phase, 55 to 65 cycles; output volt 
age is adjustable from 110 to 120 volts a-c. 
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Street Lighting Cables 


Rome manufactures a wide range of high and 
low voltage cables for underground, or overhead 
wiring of series and multiple lighting systems... 
designed to meet your requirements. 


RoZone*-RoPrene Series Street Lighting Cable—5000 Volts 


RoLene-Rome Synthinol* Series Street Lighting Cable— 5000 Volts 


RoLene Ornamental Pole and Bracket Cable— © 
4000 to 12000 Open Circuit Voltage 


JUST OFF THE PRESS! 


The New Rome Power and Control Cable Catalog 


| 

| 

This new sixty-page catalog will be an im- 
| Portant addition to your book shelf! Complete 
| in every detail, it in- 
| cludes descriptions, test 
| 

| 

| 

| 

| 

| 

| 


data, specifications and 
suggested applications 
for all Rome Power and 
Control Cables. You'll 
find it invaluable for 
specifying. Mail coupon 
below today! 


Copper wire mill products are a Controlled 


Material under N.P.A. Controlled Materials 
Plan. USE YOUR CMP ALLOTMENT. 
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Insure Your Power Load With 
oMarine - RoPrene 


ALL-PURPOSE POWER CABLES 


You can't beat RoMarine-RoPrene for secondary 
network circuits, underground entrances, street 
lighting, or general purpose wiring. Exception- 
ally versatile, it is equally at home in country or 
city ...can be installed direct in earth, in under- 


ground ducts, conduit or in air. If it's RoMarine- 


RoPrene you know you're right. 

For long, economical service life RoMarine- 
RoPrene gives you double protection against 
costly circuit failures. RoMarine insulation af- 
fords high resistance to heat and moisture. The 
RoPrene (Neoprene) sheath has excellent resist- 
ance to oils, acids, alkalies, corrosive fumes, 
flame and abrasion. Its wide acceptance attests 
its popularity ... hundreds of thousands of feet in 
service have proved its dependability. 

RoMarine-RoPrene is less costly, easier to han- 
dle, tap and splice than lead sheathed cables. It 
is unaffected by electrolysis, extreme tempera- 
ture changes and installed underground pro- 
vides insurance against power outages from de- 
structive storms. Its versatility reduces inventory. 


ZG, ROME CABLE 
3 m Co Yr tation 
Ay ROME ciere ee YORK 


TORRANCE + CALIFORNIA 


Please mention ELECTRICAL ENGINEERING when writing to advertisers 


41A 


? : ‘years. What 
f the “Mark of 


450 KVA, Type F Unit Substation, 
4160 V. Delta, 60 Cycles, 3 O— 
120/208Y, 4 wire. 


ONE OF THE WORLD'S LARGEST MANU- 
FACTURERS OF DRY TYPE TRANSFORMERS 
EXCLUSIVELY. Sa 
1 to 2,000 KVA up to 15,000 Volts to 
meet Individual Requirements 
© DISTRIBUTION © GENERAL PURPOSE @ UNIT 
@ PHASE CHANGING © ELECTRIC 


Eide 
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The accuracy is guaranteed at room tem= 
perature, for a resistive load, an input 
variation of +10 per cent, and over a 
2-to-1 load change. Data sheets and fur- 
ther information may be obtained from 
Sorensen and Company. 


7 
(Continued from page 24A) 


Electronic Scanning System, An clece 
tronic scanning system designed to monitor 
automatically and continuously up to 270 
separate processing temperature points has 
been developed by the Minneapolis-Honey- 

well Regulator Company. The new system 

records only those temperatures which 

deviate beyond a preset limit. It includes” 
an audible alarm that permits immediate 
correction of excess temperatures. It is” 
applicable for steam-generating stations, 

in chemical, petroleum, and processing 

industries, and in the manufacture of syn- 

thetic fibers and yarns where the tempera- 

ture of the feed material supplying spinner- 

ettes must be maintained at specific levels 

to eliminate costly defects in the product. 

Additional information on the scanning 

system may be obtained from the Minne- 

apolis-Honeywell Regulator Company, 

Brown Instruments Division, Wayne and 

Windrim Avenues, Philadelphia 44, Pa. 


Daylight Muminometer. A recording day- 
light illuminometer, consisting of a Speedo- 
max Recorder and a specially designed 
illuminometer cell assembly, has been an- 
nounced by the Leeds and Northrup Com- 
pany, 4934 Stenton Avenue, Philadelphia 
44, Pa. As a remote reporter to utility 
load dispatchers in their task of anticipating 
lighting load changes, this equipment pro- ~ 
vides an automatic means for, recording 
daylight intensity directly in foot-candles. 
The cell unit and the recorder are designed 
to operate together as a calibrated assembly. 
The recorder has an approximately loga- 
rithmic scale for maximum detail of record 
in the zone of principal interest. The cell 
is a refined United States Weather Bureau 
design for mounting atop a mast or in any 
dominant location. Using a barrier-layer 
photocell, the assembly is designed for 
collecting total illumination of sun and sky, 
and for filtration to match the photocell 
spectral response to the mean visibility 
curve of the human eye. The cell may be 
several hundred feet from the recorder or, 
for remote measuring over long distances, 
transmitting and receiving recorders can 
be supplied. More detailed information 
may be obtained from the Leeds and 
Northrup Company. 


New Type Electric Connector. The 
Salsbury Corporation has perfected a new 
electric connector which conforms to AN 
specifications, but is lighter, shorter, and 
devoid of clamps, thereby eliminating need 
for most right-angle connectors. This new 
connector performs any standard connector 
task, as well as those met by special 
weatherproof, waterproof, acidproof, and 
vibration resistant connectors, This is 
accomplished by providing all lead wires 
into the connector with an individual 
packing gland, compression-sealed against 
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¢ another eventful year draws to a close, 
we want to take time out from the everyday routine 
of business to extend heartiest season's greetings 
to all of our friends in the electrical industry 
—and to say “Thanks” for your continued 
confidence in Pinco products 


So from all of us, to all of you. . 


our personal best wishes for a 


Merry C Aristuas 0 
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Porcelain Insulator Corporation 
= — 3 aoe . INSULATORS 


* 


Please mention ELECTRICAL ENGI NEERING when writing to advertisers 


STOP—Hysteresis and eddy current 
power losses. 

PREVENT—Corrosion, heating and an- 
nealing damage to conductor within 
clamps. 

ELIMINATE—Jumper splice failures— 
use through conductor strain clamps 
with continuous jumpers at strain points. 
BE SURE— SPECIFY—Cast aluminum 
clamps with more than 25% greater 
strength. 


Consult one of our nearest 18 repre- 
sentatives or contact our main office. 


Spe 


Backed by many years of coordinated 
electrical, mechanical and metallurgical en- 
gineering knowledge and experience in the 
design and manufacture of cast aluminum 
products for the electrical industry. 


FROM INGOT TO FINISHED PRODUCT 


Aor PRODUCTS ARE QUALITY CONTROLLED 


Anverson Brass Works. Inc. 


POST OFFICE DRAWER 215! 
Birmincnam,!,ALasama 
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moisture, acid, fumes, and atmospheric 
changes. Wires in given harness arrange- 
ment are thrust through the compression 
nut and the compression plate for the 
given size plug or receptacle; each wire 
is threaded through a tapered collet and 
crimped or soldered into a pin or socket 
contact; pins or sockets are then arranged © 
in the Teflon, Mycalex, or phenolic resin — 
insert in proper order, the tapered collets” 
fitting into tapered holes in tapered inserts; 
socket or pin insert with wiring is then 
slipped into the connector shell, the rear 
half of which is slightly tapered and keyed 
to receive the insert with its mating keyway; 
and then the compression plate is aligned 
with the key in the shell and the compres- 
sion nut, when tightened, exerts sufficient 
force to bind all components into an 
integral whole, while effecting an indi- 
vidual seal foreach wire. This design re- 
sults in an electric connector whose shell 
can be mounted in a desired fixed position 
prior to the reception of necessary wiring, 
with each wire so securely held in place 
that wire fracture will take place before 
slippage through the collet. The Salsbury 
Corporation, Electrical Division, 1161 
East Florence Avenue, Los Angeles 1, 
Calif., will supply any further details. 


VPI. An economical method of preventing 
rust and corrosion of metal parts, in the 
presence of air and moisture, is provided 
by “VPI” crystals, a slightly volatile amine 

nitrate made available by the Shell Oil 

Company, 50 West 50th Street, New York 

20, N. Y. Being slightly volatile at atmos- 

pheric temperatures, VPI gives off vapors 

which are carried by convection and 

diffusion to all surfaces of the metal, where ~ 

they condense to provide a thin protective - 

layer. It can be applied by enclosing the 
parts to be protected with it; by blowing 

it into an area to be protected; or by 

putting it into a water or alcohol solution 

and covering the metal parts in tote boxes. 

VPI will arrest corrosion at any advanced 

stage. More complete details on VPI may 
be obtained from the Shell Oil Company. 


TRADE LITERATURE 


Electronic Tubes. Essential characteris-— 
tics of every conceivable type of receiving 
tube apt to be found in any home receiver— 
amplitude modulation, frequency modula- 
tion, or television—are described fully in a 
spiral-bound 107-page notebook recently 
issued by the Tube Sales Section, Tube 
Divisions, Electronics Department, General 
Electric Company, Schenectady, N.Y. 
Data presented include those characteris- 
tics and ratings essential to fast, efficient, 
trouble shooting. Basing diagrams for 
each type are shown also, The notebook, 
entitled, ‘‘Essential Characteristics,” is 
available from the Tube Sales Section of 
the General Electric Company for the 
price of $0.35. 


Thin Electrical Steels. New test data and 
information on thin electrical steels are 
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PER MENDURY 


gi yes Ww High Magnetic Saturation 


you Wy High Permeability at very high 
Flux Densities 


| W High Value of Positive Magnetostriction 


W Design Possibilities for Savings 
in Weight, Space and Materials 


Typical use of Permendur 
in the ADL ELECTROMAGNET 


(ARTHUR D. LITTLE, Inc.) 


PURE IRON YOKE 
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PERMENDUR 
INTERCHANGEABLE 
POLE PIECES 


HEAVY SOLID LINE SHOWS PERMENDUR 
POLE PIECE WITH 1” DIAMETER FACE 
DOTTED LINE SHOWS PERMENDUR POLE 
PIECE WITH 11” DIAMETER FACE 


COOLING FLUID LINE 
Sectional Detail of Yoke Half 


Permendur is available in Forgings, Castings, Hot-Rolled Bars and Plates 


to meet your design needs for form or shape. While Gor imp Ormallore 


\anufactured under license arrangements with Western Electric Co. wap 3929 
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Twenty-five miles of costly pole-line con- 
struction, easements, and maintenance were 
eliminated by an RCA microwave link in the 
2-way radio system recently set up by 
the Arkansas Game and Fish Commission. 

Radio signals are beamed from capitol 
dome 15 air miles by RCA Microwave to 
a transmitter and relay station atop Che- 
nault Mountain. From here state-wide FM 
2-way radio contact is maintained with 
several outlying fixed stations and with 175 
mobile stations in autos, trucks, and jeeps 
of far-ranging game wardens . . . all at a 
saving of $36,500 and with no pole-line 
maintenance. 


oom EGE GREE Rs 


Dept. 42X, Camden, New Jersey 
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RCA ENGINEERING PRODUCTS 


Please send me, without obligation, full story on how new 
RCA Microwave can give efficient, all-weather communica- 
tions without pole lines, easements, or line maintenance. 


2 RADIO CORPORATION of AMERICA .. 


and eat out 


line maintenance, too!” 


... says Chief Engineer 
Gladman Upchurch, 
Arkansas Game and 
Fish Commission. 


Chief Engineer Upchurch (right) 
gives message to operator for 
general broadcast to all game 
wardens via Arkansas’s RCA Microwave 
relay and 2-way radio system. 


Are you missing a bet on RCA Microwave? 
Do you have a problem maintaining com- 
munications through wind, sleet, and falling 
trees? RCA Microwave is the answer. Elimi- 
nates pole lines, easements, line maintenance, 
storm outages. Costs less per mile for com- 
parable capacity. Signals travel by radio 
beam, span up to 35 miles. Repeater stations 
relay signal over mountains and valleys, 
operate unattended for months. System has 
channels for voice, supervisery control, tele- 
printer, 2-way radio, other circuits. So 
dependable it’s used by telegraph and power 
companies, highway commissions, others. 
Get full story. Mail coupon... ene 
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(Continued from page 44A) ; 


presented in a booklet, ‘“‘Armco 
trical Steels,” which may be obtai 
the Armco Steel Corporation, Mid 
Ohio. 


66 Hints. ‘66 Hints to Simplify Di 
and Reduce Spring Costs” is a new b 
tin published by The Newcomb §} 
Corporation, 3902 Seventh Avenue, B 
lyn 32, N.Y. It has been designed tol 
both spring designers and purchasers : 
better job by pointing out ways and m 
of specifying for lower costs and f@ 
delivery. The bulletin, S500, may 
obtained upon request. 


Instruments. The Brown  Instrumer 
Division of the Minneapolis-Honey 
Regulator Company has issued four a 
bulletins:: bulletin B75-72 contains char 
teristics of the Brown Electronik continuoi 
balance system; bulletin B75-73 contz 
characteristics of measuring circuits 
Brown Electronik potentiometers; 
logue 8000 describes vane type electric ¢ 
tact controllers; and bulletin 7057 dese: 
indicating pyrometers and resistance 
mometers. All of these bulletins ma 
obtained from Station 40, Minn 
Honeywell Regulator Company E 
Instruments Division, Wayne and Win 
Avenues, Philadelphia 44, Pa., up 
ten request. 


. 


Plastics. A new 24-page booklet expl 
plastics to the layman. Entitled 
about Plastics,” it is available from 
Richardson Company, 2764 Lake 5 
Melrose Park, Ill. 


Titanium. The current issue of 
QUARTERLY, published by the Al 
gheny Ludlum Steel Corporation, contait 
information concerning titanium met 
Entitled ‘‘Titanium—Up-to-Date,” 
booklet is available upon request to t 
Public Relations Department, Alleghet 
Ludlum Steel Corporation, 2020 Oli 
Building, Pittsburgh 22, Pa. 


Tracerlab. Tracerlab, Inc., has issu 
new 107-page catalogue, C, which cor 
complete specifications and descript 

their nucleonic and mechanical equi 

and chemical compounds. The cata 
may be obtained from Tracerlab, Inc 
130 High Street, Boston 10, Mass. 
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Pressure Connectors. Bulletin 66, iss 
by The Thomas and Betts Company, 1 
76A Butler Street, Elizabeth, N_J.. 
scribes their complete line of pres 
(solderless) connectors. It may 
tained upon request. 


Catalogues in Miniature. The Soi 
Bend Lathe Works, South Bend 22, Ir 
has published two miniature catalogu 
numbers 5704 and 5779, describing th 
precision machine tools and attachme 
and accessories, respectively. These cai 
logues, only 21/2 inches by 15/, inches, 
available from the company upon requé 


(Continued on page 66A) 
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res are wound of oriented silicon steel. Wind- 
g machines are semi-automatic, stopping when 
oper thickness of winding is reached. End of 
pre strip is spot welded. 


Following winding of the cores, they are annealed 
in bell-type furnaces in a nitrogen atmosphere 
and are then given an initial test for losses as 
illustrated above. 


lacing windings into position over U-shaped 
ore pieces. Prior to this operation, cores have 
een impregnated, baked, cut, etched, and tested 
second time. . 


Connecting tap leads from winding to tapchanger 
studs. On opposite side of assembly line, terminals 
are brazed to low voltage leads. Previous opera- 
tions included applying adhesive to core faces, 
banding core pieces, and attaching frames. 


al cities 


princip 


MO. 
FACTORIES AT ST. LOUIS 20, A 
NAD 
fter bushings‘have been installed, the tanks filled ND TORON TO, ONTA RIO, CA 
ith oil, and the transformers vacuum treated to A : 
smove any entrapped air from the oil or wind- 
igs, final electrical tests are made. 
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especially those involving corrosive 
atmospheres, heavy arcing or 
normally-closed conditions 


For a wealth of contact 
data, write on company 
Stationery for Stackpole 
Contact Booklet 12. 
(Stackpole contacts are 
sold only to makers of 
original equipment.) 


When heavy-arcing, corrosive atmospheres or the 
rigors of normally-closed operating conditions greatly 
reduce contact efficiency and life—use Stackpole Silver- 
Tungsten! The outstanding strength, density and con- 
ductivity of these unique contacts have assured mate- 


rially longer, trouble-free service on a long list of 


products. On a typical circuit breaker application, 
Stackpole silver-tungsten contacts increased the inter- 
ruption capacity from 10,000 to 15,000 amperes 
while making possible a decrease in the physical size of 
the unit! 

Only a few standard grades are available. Best results 
are obtained by letting Stackpole contact specialists 
develop a suitable silver-tungsten combination for 
your specific equipment. 


STACKPOLE CARBON COMPANY, St. Marys, Pa. 
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(Continued from page 52A) 


Fluorescent Lamp Ballasts. Two n 
publications on fluorescent lamp ball 
have been announced as available from 
General Electric Company, Schenectad 
N.Y. The first, a 20-page booklet, Gi 
5731, explains how a fluorescent lamp we 
and the part the ballast plays in its 
tion; the second publication, GE 
deals with the company’s new system 
“sound-rating”’ its ballasts. 


Switch and Bus Insulators. Engineer 
specifications, cross-section and cont 
drawings, dimensions, and stacking datz 
Victor Switch and Bus Insulators are i 
cluded in their bulletin number J, availabl 
from Victor Insulators, Inc., Victor, N.Y. 


Nickel Alloyed Cast Irons. Engineering 
properties and applications of eight 
of austenitic nickel alloy cast irons 2 
described in a 36-page bulletin availab 
from The International Nickel Compar 
Inc., Department EZ, 67 Wall Stree 
New York 5, N. Y. 


Sturtevant Catalogue. Westinghou 
Sturtevant has just published a 16-ga 
catalogue, B-5764, describing their 
conditioning equipment. Write Depa 
ment T, Sturtevant Division, Westinghous 
Electric Corporation, Hyde Park, Bost 
36, Mass., for copies of the catalogue. 


for 


ENGINEERS 


A series of three articles 
sponsored by the Subcom-— 
mittee on Mathematics of the 
AIEE Committee on Bas ic 
Sciences: 
“Fitting Functions to 
Engineering Data”’ 
‘‘Method of Graeco- 
Latin Squares”’ 
‘‘Partial Differential 


Equations” 


Price for Special Publication 
S-28 is $0.30 (0.15 to AIRE 
members). . 
Address orders to: 


AIEE ORDER DEPARTMENT 
33 West 39th Street 
New York 18, N. Y. 
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Maze of conduit carries Okolite-Okoprene control and power 
‘wiring from control panel to Kamyr Pulp Drying Machine. A 
major portion of the equipment in the motor generator sub- 


station is also controlled from this switchboard. 


Okolite-Okoprene self-supporting aerial cables 

distribute power to transformer sub-stations from 

the Power House. ‘Stormsafe” aerial cable elim- 

inates congestion, reduces clearance problems, 

and provides triple economy of quick installa- 

tion, low maintenance costs and better voltage 
regulation. 
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OKONITE: 
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Motor generator room, showing 2300 entrance breakers, 550- 
volt distribution breakers, motor generator set and electronic 
speed regulator cubicles. All of these, both a-c and dec, are fed 
by Okolite-Okoprene cable. 


OKOLITE-OKOPRENE CABLES 


THE JOB 


The Story of an Okolite-Okoprene Installation 
at a Large Southern Pulp & Paper Mill 


~ORE and more electrical engineers are specifying OKOLITE- 

| OKOPRENE cables for complete installations. For when 
every electrical circuit on a job is OKOLITE-OKOPRENE, the degree 
of circuit security on that job is unequalled. 

OKOLITE-OKOPRENE is especially suitable for complete instal- 
lations because of its versatility. Highly resistant to every element 
which attacks cable, OKOLITE-OKOPRENE is used in wet, dry, hot 
or cold locations—exposed to weather or sunlight—underground 
or in conduit. 

For instance, a large pulp manufacturer made extensive use of 
OKOLITE-OKOPRENE in installing a Kamyr Pulp Drying Machine. 
Power and control circuits, leads for the battery of synchronized 
generators and motors and circuit breakers, self-supporting 
aerial cable from sub-stations to the Power House — even push- 
button stations and the lighting system were OKOLITE-OKOPRENE. 

The Company engineers selected OKOLITE-OKOPRENE through- 
out this job because of the necessity of keeping the Kamyr 
Machine in continuous operation. Resistant to moisture, heat, 
sunlight, oils, acids, ozone and chemicals, OKOLITE-OKOPRENE is 
the most economical and reliable way of supplying electrical 
power to key operations. The Okonite Company, Passaic, N. J. 


insulated wires and cables 
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@ Where Horn Gap Switches Are Inadequate 


because horn gaps cannot, under all conditions, safely break magnetizing 
or charging currents; nor can they interrupt load currents 


ALDUTI INTERRUPTER SWITCHES 


offer a proved and economical solution to such 
application problems. 


Ten years of operating experience in thousands 
of installations, and many field trials under 
severe test conditions, have demonstrated the 
ability of these Interrupter Switches to — safely 
and repeatedly — 


@ Sectionalize either radial or loop 
distribution and subtransmission cir- 
cuits, under either load or charging 
current conditions . 


@ Switch load and magnetizing cur- 
rents of transformer banks... 


@ Switch charging currents of capacitor 
banks. 


And because there is NO EXTERNAL ARCING 
during the operation of Alduti Interrupter 
Switches: they need not be mounted horizontally 


Alduti Interrupter Switches 


ECTRIC COMPAN 


Formerly SCHWEITZER & CONRAD, INC. 
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Volts Amperes Amperes, Nominal 
For hook stick or group operation 
7500 & 15000 | 400, 600, 1200 400, 600 
For group operation only 
23000 & 34500 | 600 | 600 


upright, but can be mounted vertically, 
underhung; hook stick operation can be é€ 
ployed where economy dictates; and pho 
spacings can be reduced to 18 inches for t 
7,500-volt and 33 inches for the 34,500-y 
switches. Hence structures can be smaller, 
nections simpler, and construction cost can | 
reduced below that of installing horn gi 
switches. . 


Also, Alduti interrupter Switches can be mete 
clad, thus providing—even for subtransmiss 
applications — enclosed “packaged-ty; 
switches, thereby permitting the complete 
closure of all components of a substation. — 


When combined with S&C Power Fuses, Alc 
Fused Interrupters also provide short cir 
protection with fault current interrupting ab 
up to 40,000 amperes asymmetrical, 1 
making possible the elimination of exper 
circuit breakers where automatic switch in 
not required. 


_ Continuous interrupting 


™~n . Cr 


In Canada, RB Rwerlite Devices, Limited, Te 
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(3) Where Structure Design Is Restricted 


because horn gap switches can be mounted only in the 
horizontal upright position, and need wide phase spacings 


ZS 


ZA 


y 


FFF 
Zé eS 
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Where Switching Sequences Are 
sTetoncg Complicated And Costly 


because multiple operations—involving breakers, disconnects, and operating 
personnel— are required to isolate equipment or sectionalize circuits 
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Philco Advanced Design Microwave Systems are 
unsurpassed in reliability, performance and economy. 
They are designed to give you the greatest value for 
your communications dollar! 


Finest quality components, conservatively rated, 

_ insure long life and economy of operation and main- 

te ance Years of production experience enable 

Philco to produce microwave systems for the lowest _ 

possible cost consistent with highest quality. — : 

_ Philco Advanced Design Microwave is flexible. The 

broadband microwave channel may be divided to 

up to 24 simultaneous 2-way telephone con- 

or be further divided for telegraph, 

lemetering, signaling or supervisory cir- _ 

uits. Future expansion can be easily accomplished _ 
ith no loss of original investment. _ . 


. _ 4 
tk 
i ee ee i eae le Ol aa a eo ans ——ees 


Philco Advanced Design Microwave Systems give you 
-\, maximum reliability... plus Jow cost installation, 
_ \ operation and maintenance. Don’t settle for Less! 


# 


| PHIL : O ronpeee : a | 


INDUSTRIAL DIVISION __ 
PHILADELPHIA 34, PENNSYLVANIA _ 


Si 
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: We are in excellent shape to answer your 
needs, We've got T-connectors, couplers, 
bus supports, expansion joints. What's 
more, we've got them for channel, angle 
and square shape bus. Too, lots of 
utilities ask us to develop connectors 
for these special applications. 

We do it promptly, efficiently. 
Our engineering department is 
yours—for the asking. Our 
Representative too. Call him in 
on your next problem. 


bolts, prop- 
pressure contact, 


BURNDY-bU/ || 


to do an wmportant job 
BETTER 


H | Oval recesses in bolt 
special bus shapes..e yz snterativert 


gle-wrench installation. 


Stron 


Internal lips guar- 
antee accurate po- 
sitioning on angle 
and channel bus, 


BURNDY, New York 54, N.Y. 
« Western Branch: Vernon 58, Calif. 
Burndy Canada Ltd., Toronto 8, Ontario 
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Strategic placement 
of ribs reinforces 
strength, provides 
wrap-around for 
better 


9A 


Pad 
Automobile tops, insulated with L-O-F Automobile sound insulation a made-to- Aircraft sound and thermal insulatig; 
Fiber-Glass against heat and cold, increase order job for L-O-F Fiber-Glass. Easy in- Get these advantages of L-O-F Fi 
passenger comfort. Easy installation. Light ‘stallation in doors, under the dash, on the Glass, Light weight (as low as .3 Ib. p 
weight. Won’t deteriorate under normal fire wall, under the hood..Low moisture cu. ft.). High fire safety. Low moisture 
conditions. absorption, light weight. pickup. High sound-insulating efficieney, 


Proven glass technology plus 
now devoted to early productio 


Continuous Fiber Textile Yarn—150 series for many uses, such as 
electrical insulating tape, sleeving, cloth, roving, and paper rein- 
forcement. Glass fibers have enormous tensile strength . . . 250 
thousand pounds per square inch. High dielectric strength. With- 
stands temperatures up to 800°F. 


Super-Fine “AA” Fiber — primarily for aircraft insulation. Thick- 
ness, .5” with density of .6 lb. per cu. ft. Fibers of incredibly small 
diameter—.00004”. With plastic binder to hold dimensional form. 
Roll widths, 36”, 72”, in 50’ standard length. 
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Super-Fine “B” Fiber—Splendid thermal- and sound= 
insulating qualities. Fiber diameter, .00012”. Temperature 
range —0°F. to plus 450°F. Standard roll widths, 18”, 24”, 36", 
72”, in 100’ and 200’ lengths. Other widths and lengths 
also available in a range of thicknesses and densities. 


- 


Roving, Chopped Strand and Textile Yarns — for reinforcing 
of plastics, paper, cloth and paper tape, etc. Enormous 
tensile strength. Won’t shrink or stretch. Won’t deteriorate 
under normal conditions. Versatile in application. 
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ustrial fabrics woven from Fiber - Glass 

fine, safe, strong, rot- and mildew- 
pot. Ideal applications are tarpaulins, 
me shields, airplane cloth, reinforce- 
mt for plastics. 


ERE IS headline news of immediate 
interest to key men of business and 
industry. 

The resources and advanced technical 
glass knowledge of Libbey: Owens: Ford 
are being focused on a new product— 
L-O-F Fiber-Glass! 

With fine, new facilities at Parkersburg, 
W. Va., placed to serve you quickly, glass 
technicians of proven ability and experi- 
ence are getting set to produce top-quality 
Fiber-Glass products in volume. (See 
facing page for basic items to be pro- 
duced. Note above and right for typical 
applications. ) 

Across the country, in 24 major cities, 
L:-O-F offices are busy with preparations 
to give you help on specific uses. 


If your company has already dis- 


ieee 
as 


Electric motors and generators insulated with 
L-O:F Fiber-Glass withstand heavy over- 
loads. Appreciable space factor advantages! 
High dielectric strength. 


ne, new facilities 


FIBER-GLASS! 


Aviation, automotive, textile and electrical industries 
first to benefit from new, high-quality source of 
supply being readied by Libbey* Owense Ford 


covered the superior qualities of fibrous 
glass, investigate L-O-F now as a new 
volume source, worthy of your complete 
confidence. 


If your company now buys other 
material for electrical insulation, thermal 
or acoustical insulation, or reinforcing for 
plastics or paper, L:O-F Fiber - Glass can 
offer a combination of advantages un- 
matched by such other materials. This 
is a chance to benefit from the glass tech- 
nology and the high standard of quality 
ee bes have come to expect from 
L ! 


For technical data, or engineering con- 
sultation on Fiber:Glass uses in your 
business, call your local L-O-F office— 
or write, wire or phone Libbey -Owens- 
Ford, Dept. F-G 1138, Nicholas Bldg., 
Toledo 3, Ohio. 


LIBBEY-OWENS-FORD GLASS COMPANY 


FIBER*GLASS DIVISION 


Wire and cable can be served directly with 
L-O-F Fiber- Glass textile yarns using stand- 
ard machines. Yarn also ideal for weaving 
tape, and braiding on wire and into sleeving. 


Plastic reinforcing, as in this 
bread tote tray, presents many 
possibilities with L-O-F Fiber- 
Glass.. Remarkable strength.. 
Won’t dent or lose shape. No 
discoloration of plastic mate- 
rial, Exceptionally long life. 


Paper and paper tape rein- 
forced with L-O-F Fiber: Glass 
can be raised in tensile strength 
to equal aluminum or even 
steel! Either Fiber-Glass tex- 
tile yarns or scrim mesh are 
suitable. Investigate! 


FIBER: GLASS 


Pleasé:‘mention ELECTRICAL ENGINEERING when writing to advertisers 


DECEMBER 1951 


‘TA 


G-E metal-enclosed reactors match modern G-E metal-clad switchgear in appearance 
—are usually built of special nonmagnetic steels or with panels divided into in- 
sulated sections, to hold down circulating current and keep losses and heating to 
the minimum. 


Install your reactors 
adjacent to your switchgear 


Metal enclosures, with their increased safety and good appear- 


ance, make this practical—save space and shorten bus runs. 


With modern, good-looking metal enclosures, reactors can now 
often be installed alongside or as part of metal-clad switchgear. 
Savings in metal-enclosed buses, in space, and perhaps even in . 
the cost of running buses to another floor for the reactors may 
well pay for the enclosures. In addition to increased safety to 
personnel, you also protect the reactors from external damage 
and limit the magnetic field. ‘ 


General Electric metal-enclosed reactors can be built to 
match your switchgear. Housings are so designed as to keep 
down circulating current, losses and heating. G-E reactors them- 
selves are of time-proved, one-piece, cast-in-concrete design— 
with such recently announced improvements as glass insulation 
and continually transposed conductors. 


For full information on G-E cast-in-concrete reactors and 
their applications, and on. metal enclosures, get in touch with 
the nearest G-E Apparatus Sales Office. General Electric Company, 
Schenectady 5, New York. 


Among the extras that you'll find in G-E metal enclosures for 
reactors are these built-in supports for the leads. 


GENERAL (3) ELECTRIC 
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Large or Small- 


Single phase regula- LLIS.cua 
> Si h L 
Baca: ane 


Single phase regula- 
tor, 11.4 and 38.1 
kva, 7620 v. 


AFR 


Three phase regula- 
tor, sizes through 69 
ky, 2500 kva, 


QUALITY FEATURES YOU GET ON ALL ALLIS-CHALMERS REGULATORS 


tors. Low exciting current releases system capacity for 


* We% steps 

- Close regulation (+ 1 volt band) useful loads. 

- Easy control adjustment. The same type of con- You can count on Allis-Chalmers for regulation that 
trol used on all sizes helps boost capacity, increase revenue, and improve 

- Close average voltage for all types of loads (main- customer good will. 
tained by voltage integrator) G tela Allis-Chal } 

- Long life contacts of liberal design to withstand S Suite a Sones ame Aye POR 
hundreds of thousands of operations ulators from your nearby Allis-Chalmers district office, 
-Tap changing drive mechanism with balanced or write Allis-Chalmers, Milwaukee 1, Veena 


spring action to eliminate shock .. . operates un- 
er oil for long trouble-free life 


Unit construction to simplify maintenance 


VICTOR THE 
VIGOROUS VOLT AGREES: 


{is ADDITION to these important features, the single 
phase %% step regulators require only 1/3 the 
exciting current of older types of single phase regula- 


ALLIS-CHALMERS 


Originators of %% Step Regulation 
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OCKBESTOS PNR’ | 


HELPS YOU EXTEND 
YOUR STEEL CONDUIT 
ALLOTMENT 


Ordinary 7-conductor competitive cable, 
#9 AWG takes 114” conduit. 228 Lbs. of 
steel/ 100,’ 


PNR 7-conductor cable #9 AWG takes 1” 
conduit. 168 Lbs. of steel/100’. You save 
60 Ibs. 


Approximately 14 the size of competitive control 
cable, Rockbestos PNR helps to provide the solu- 
tion to your critical steel requirements. It enables 
you to use smaller conduit and fittings, thus pro- 
viding substantial steel savings; or you can put 12- 
conductor cable in conduit carrying 6 or 7. 

Here’s the Rockbestos construction that makes 
PNRa better control cable... Polyethylene for high 
dielectric strength — Nylon for toughness and 
abrasion resistance — Rockhide for high resistance 
to weather, chemicals and abuse. 

Get the PNR story, today. Write or ask your 
nearest Rockbestos representative. 


ROCKBESTOS PNR 


... another different, better cable by 
ROCKBESTOS PRODUCTS CORPORATION, NEW HAVEN 4, CONN. 


the originators of A.V.C.® 
New York ¢ Cleveland « Detroit » Chicago ¢ Pittsburgh ¢ St: Louis 
Los Angeles * Oakland, California * New Orleans ° Seattle 


Please mention ELECTRICAL ENGINEERING when writing to advertisers 


1% 


QUICK FACTS ABOUT PNR 


@ 46% smaller area*... 28% smaller 
diameters*. Use smaller conduit and — 
fittings or put more conductors in 
present conduit. 


@ Dielectric breakdown...over 40 times 
Operating voltage. ; : 


@ Lighter and smaller. Easier to handle, 
store, ship, pull through conduit. 


@ Flexible to —25°C (—13°F). No 
cracking! 


@ Rated 600 volts... conductor oper- 
ating temperature 75°C (168°F). 


*Average determined by comparison 
with competitive control cable. 
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ALL STAR PRODUCTS CUTS REJECTS 
TO % OF 1% WITH G-E GAUSS METER 


All Star Products, manufacturer of 


“100% inspection for the first time 
and rejects cut to Y2 of 1% are only two 
of the benefits we have been able to ob- 
tain through the use of our G-E gauss 
meters,’’ reports All Star Products Com- 
pany, Defiance, Ohio. 


variable condensers and radio and tele- 
vision components, finds the General 
Electric gauss meter an essential item in 
test and inspection areas. The meter has 
enabled All Star to cut inspection costs 
by 4% and permitted a 20% material 
saving. With the simple-to-operate G-E 
gauss meter, readings are obtained in 
only 4 seconds. Because of this, All Star 
is able to do all of its testing along the 
production line. 

Small and compact, the G-E gauss 
meter is easy-to-read, portable, and 


-extremely rugged. This is why All Star 


supplies its field servicemen with gauss 
meters for inspecting television focus 
units. 

For use with both d-c permanent 
magnets and electromagnets, the gauss 
meter can measure flux densities in ex- 
tremely small magnet gaps—such as 
those of blocked relays, breakers, genera- 
tors, and motors. It gives direct readings 
of unidirectional fluxes in gausses and 
can be supplied in a variety of ranges 
from 100 to 5000 gausses. 


Training Reduced to 4 Hour With G- E Thickness Gage 


Briggs Manufacturing Company, of 
Detroit, Michigan, builder of auto- 
mobile bodies and Beautyware plumbing 
fixtures, reports, ‘“We’ve found the G-E 
thickness gage so easy and simple to use 
that we’ve been able to reduce our opera- 
tors’ training time to 14 hour.” At its 
Eight Mile Road Plant, where chromium 
and stainless-steel automotive accessories 
are manufactured, Briggs uses the G-E 
gage because it can be used by unskilled 
help after this short indoctrination course. 
This simplicity of operation is an im- 


portant feature since a number of differ- 
ent persons must use the gage each day. 

To protect the stainless-steel strips 
that go around car windows from damage 
during production, it is necessary to 
spray each part with a plastic film. Pre- 
cise thickness limits for this plastic 
film have been set up and laboratory 
checks are made periodically on cold- 
rolled-steel test parts to assure that 
correct coating thickness is maintained. 

The standard General Electric Type 
B thickness gage has a range of 0.10 mil 
to 100 mils. Other instruments of this 
type with ranges up to 300 mils can be 
furnished for the measurement of the 
thickness of any nonmagnetic material 
on a magnetic base. 


1952 CATALOG 


G-E Measuring 
Equipment 
80 pages describing all 
of General Electric’s 
testing and measuring 
devices. For free copy 
check GEC-1016 in 
coupon at right. 
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Paper Mill Refining Process 
Regulated with G-E Recorders 


“Our General Electric CD-27 recording 
ammeters take the guesswork out of 
regulating the load on each of our 
refiners. We could not operate without 
them,”’ reports Mr. G. F. Durand, Vice- 
president. of Port Huron Sulphite and 
Paper Co. This Port Huron, Michigan 
company is an old and well-established 
maker of fine quality papers. 

Port Huron’s refiners are used to 
produce dense, hard, high quality light 
weight papers. The refiners are hooked 
up in series and the paper stock being 
processed flows from one to the other. 
The quality of the paper produced de- 
pends upon uniformly holding the pre- 
scribed load at which each refiner is run. 
By using the G-E recording ammeters to 
record the load on each refiner motor, 
Port Huron finds that periodical in- 
spection and minor adjustment is all that 
is necessary to maintain correct and uni- 
form paper stock treatment. 

Recorder Measures 11 Quantities 

Besides recording amperes, the G-E 
Type CD recorder can also measure volts, 
single- and polyphase watts, power 
factor, frequency, and vars. Models also 
can be supplied for measurement of d-c 
millivolts, milliamperes, and micro- 
amperes. Most ratings have an accuracy 
of plus or minus 1 per cent of full scale. 
SECTION C 602-220, GENERAL ELECTRIC i 
SCHENECTADY 5, N. Y. 

Please send me the following bulletins: § 
Indicate: I 
for reference only I 
for planning on immediate project | 
Type B thickness gage (GEC-319) I 
Gauss Meter (GEC-238) : 
CD recorders (GEC-216) 

: 

: 


lS) Six < 


1952 Catalog (GEC-1016) 
INANE cs oe ses dae ere ee 
C 


OMPANY........... 


CIT YS cine eee ZONE Nr STATE...... j 
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Any resistor can reduce voltage and dissipate 

heat. Amazingly few can do it without overheating 
themselves! Chief among those who can are IRC 

Resistors. Advanced, yet practical design—unusual 

use of heat-dissipating materials—and a rigid quality: 
control system—all combine to give these resistance units 
low operating temperatures, greater efficiency and longer life 


Extremely low operating temperature | 
only one feature of Advanced Type BT Fixe 
Composition Resistors. These compact, lightweigh 

fully insulated units actually surpass JAN-R- 
Specifications at }4, 14, 1 and 2 watts! In BT’s, tl 


Low temperature coefficient and noise level, resistance material is permanently cured and ee 
Meet and beat JAN-R-11 Specifications. to special glass. Leads extend into filament for faster IK. 
%, V2, 1 and 2 watts—available in +5%, conductivity. Molded bakelite seals element agai 
£10%, and + 20% tolerance. moisture and prevents grounding. BT’s « 
Easily meet critical requirements of television. available in standard RTMA resistance rang 
or no ee by prea agencies under Send for full details in 12-page technical data Bulletin BI 
actual fleld conditions. ; 


GREATER ELEcTRICAL AVAILABILITY yours with 
ae Wu rE | 
. TYPE RA RIGHT ANGLE 


| ARROW 
AH 7 ADVANCED DESIGN 
\AT) MOTOR CONTROLS 


just Ye THE SIZE © "> THE WEIGHT 
© BETTER PERFORMANCE 

@ 55% GREATER ARC RESISTANCE 

© 30% SAVINGS IN INSTALLATION 

e EASY TO WIRE AND TO INSPECT 


e AVAILABLE IN SIZES 0, 1, 2, 3 and 4 
IN NEMA Enclosure Types |, IV, V, VIL IX 


SIZE 1, 


VU EXCLUSIVE = © 
P ELECTRICAL INTERLOCK 


Kh 
3-— 
4 


SIZE 1, 

REMOTE 

CONTROL, 

Standard 3-PHASE, 
employing fourth pole 
holding contact. Note 
auxiliary switches. 


Schematic pictures “RA” mechanism trip arm 
that automatically energizes interlock switch, 


Arrow-Hart’s “RA”, right angle, balanced mechanism with bellcrank 
fulcrum assures simple and positive force to operate the A-H auxiliary 
switch or switches. JUST TWO SCREWS and a completely enclosed 
electrical holding interlock switch provide dependable operation of 
numerous interlocking device combinations or signal lights. Men con- 
fronted with adding more circuits to serve more needs in restricted 
space have accepted and are benefiting from the many outstanding 
features of the A-H Type “RA” line of motor controls. Buy an Arrow- 
Hart starter today and see for yourself. 


ELECTRICAL CONTROLS 


THE ARROW-HART & HEGEMAN ELECTRIC CO., HARTFORD, CONN., U. S. A. 


ESTABLISHED IN 1890 


GREATER SAVINGS im rm: 


IN DOLLARS 


TYPE “RA” MAGNETIC STARTER: 


The Arrow-Hart motor control line is out front with an 
advanced design to provide industry with greater per- 
formance in'smaller space. Adaptability is found in per- 
mitting the interlocking of numerous devices by means 
of a rugged and compact auxiliary switch. Another A-H 
exclusive, this utility switch is inserted from the top and 
requires but two screws for effective operation. The 
auxiliary is operated through contact with the oper- 
ating lever arm of the “RA” mechanism. All auxiliary 
switches mount easily and quickly 

in one position. 


Available in standard with BLACK 
button (one normally open), with 
RED button. (one normally closed), 
and with GREEN button (one norm- 
ally open and one normally closed). 
All auxiliary interlock. switches are 
properly identified to aid in selec- 
tion and safe application. One 
BLACK button (normally open) switch 
is furnished as standard on most motor starters. 


Pictured to the right is a typical application of A-H aux- 
iliary switches used in conjunction with an Arrow-Hart 
Size 3, 3-phase, 2-speed reconnected winding type of 
control. Note easy access to terminals and the big ad- Available as Starter Units 
vantages of straight-thru front wiring. Additional infor- or in NEMA Enclosure 
mation appears on the preceding page. Types. Lely Map lens 


SIZE 4 


The patented “RA” design is available in magnetic 
starters and contactors in Sizes 0, 1, 2, 3 and 4 as 
units for panel installation or in NEMA enclosure types 
I, IV, V, VIl and IX. The Explo-Safe line of explosion- 
proof housings features a Feraloy casting of new design 
at greatly reduced weight and bulk. There are “RA” 
controls to serve you best. 


WRITE TODAY 

for bulletins describing 
oy Standord, Explosionproof 

and Weatherproof 

Motor Controls, 


INDUSTRIAL CONTROL DIVISION 
THE ARROW-HART & HEGEMAN ELECTRIC CO., 103 HAWTHORN ST., HARTFORD 6, CONN., U.S.A. 


Branches in: BOSTON, CHICAGO, CLEVELAND, CINCINNATI, DALLAS, DENVER, DETROIT, LOS ANGELES, NEW YORK, PHILADELPHIA, 
PITTSBURGH, SAN FRANCISCO, SYRACUSE. In Canada: ARROW-HART & HEGEMAN (CANADA) LTD., MT. DENNIS, TORONTO 


WHY SEARCH | 


technically correct | — 
ceramics? ie 


ganas or 
‘eS 


CONSIDER THESE. 
FOR IMMEDIATE DELIVERY 


“Lauite” STEATITES | 
$-10 and S-15 for ordinary radio and general 


We have again challenged the times, as | medium-frequency requirements. -§$-201 and 

we have all through our 75 years of $-300 for ultra low loss —high frequency - 

developing and producing ‘Lavite’’ applications. 

Technical Ceramics (“Lavite” Steatite, “Lauile” SEMI-STEATITES | 3 

“Lavite” Titanates, ‘“Lavite” Ferrites and $-25H with good electrical properties at high 

others). We have increased our facili- ee temperatures. R-10 for element supports in 

ties Sane design ane oes aig electrical appliances. 

ing —to help you meet the drastic de- se : 

mands for ceramics of specific physical © “Lavite” CORDIERITE 

characteristics. We invite you to sub- $-40H, S-12H and R-15 for special application | 

mit your problems to our engineering for extreme thermal change when a low a 

department for individual study and linear coefficient of expansion ceramic is | 

recommendation — or, perhaps one of required. 

os well eles and Sa ee "“ Pouite!" MULLITE 

“Lavite’’ Ceramics will satisfy your : 3 e : : } 

needs. Whichever it be, we will give your eestcincds 25 for light duty refractory 

requirements immediate attention. Write e i f : 

for general characteristic data on all “Lauile” ZIRCON PORCELAIN 

“‘Lavite’’ Ceramics. -Z-200 and Z-300 with excellent all around | 
i properties including: (1) low electrical loss; 

D. M. STEWARD MANUFACTURING CO. (2) high mechanical strength; and (3) thermal | 

3602 Jerome Avenue Chattanooga, Tennessee shock resistant. : 


Sales Offices in Principal Cities : ' Pauile” FIRED. STONE GRADES 


N(M) and A for mechanical parts where 
special tools are not required and tolerances 
can be maintained. Especially adaptable for 
models. : 


= . “Lavite” TITANATES 
= . Available in a range of types and properties 
: including low, intermediate and high “K” 


“CELEBRATING 
OUR. 
+h 


ANNIVERSARY groups. . 
“Lauite” FERRITES | 


5 1816 Nios 6 Permeability factor 1000 initial — 3000 maxi- 
oe mum and curie point of 250° F. Particularly 


adapted for television and frequency 
modulation. 
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JFR REGULATORS — 56% step pole 
type mean customer satisfaction all along 
the line. Because they can hold a 2-volt 
band, they bring increased revenue and 


load-carrying capacity, permit extended 
feeder length. 


DISTRIBUTION TRANSFORMERS have 
well planned cooling for low copper-to- 
oil gradient. Result is retarded insulation 
aging and extended service life — with 
ample capacity for today’s heavy loads 
and tomorrow's growth, 


eaalaidtemmmentt trata renin aE oP rec ie winapi hea nin bao ates te 


Equipment for Power: Water Conditioning equipment, chemicals and 
|  service...Steam and Hydraulic Turbines ,..Generators ... Condens- 
, ers... Steam Jet Air Ejectors .. , Power Plant Pumps and Motors 
_ «++. Transformers... Circuit Breakers... Switchboards and Control 
| «+. Switchgear . . . Unit Substations . . . Utilization equipment. 


SELENIUM RECTIFIERS - PHOTO-ELECTRIC CELLS 


| | FOR UNSURPASSED PERFORMANCE 


HIGH VOLTAGE RECTIFIERS 
CARTRIDGE TYPE 
RATINGS TO 25 KV AND 75 MA. 


In half-wave, voltage doubler or bridge circuits 
From 1%” to 11/4” O.D. or built to your specifications 


TYPICAL APPLICATIONS 


BIAS SUPPLIES ELECTROSTATIC PROCESSES 
CONDENSER TESTING GEIGER COUNTERS 
130 Volts pack CATHODE RAY TUBES INVERSE PEAK SUPPRESSORS 
eak Inverse ELECTRON MULTIPLIERS PHOTOFLASH POWER SUPPLIES 
R.M.S. Volts: 380 TELEVISION CIRCUITS 
TYPE V-HF SERIES 


FOR ELECTRONIC APPLICATIONS UP TO th WAVE 3 MA. DC, 
1,000 MILLIAMPERES anaes 


As easily installed as a Resistor or Condenser 


VOLTAGE. PARTNO. | VOLTAGE, PART NO. 
ONLY 2 SOLDERI reas : 
NG OPERATIONS REQUIRED 75 Vine nas vaCrE 
Approximate Voltage Drop: 5 volts 40 V2HF 1000 V50HF 
60 V3HF 1500 V75HF 
RATIN Vv 
SAS AILABLE 80 V4HE 2000 V100HF 
Type No. RS65 | RS75 | RS100 | RS150 | RS200 | RS250 100 V5HF 2500 V125HF 
Current(ma) | 65 | 75 | 100 | 150 | 200 | 250 200 V10HF 3000 V150HF 
400 V20HF 3500 V175HF 
Type No. RS300 | RS350 | RS400 | RS500 | RS1000 600 V30HF 4000 V200HF 
Current (ma) 300 350 400 500 1000 TYPE Y-HP SERIES 
SEND FOR TECHNICAL AND DESCRIPTIVE ERASE eno 
BULLETIN NO. IS-1249 a oS oe 
DC OUTPUT RECTIFIER DC OUTPUT RECTIFIER 
VOLTAGE PART NO. VOLTAGE PART NO. 
20 Y1HP 800 Y40HP 
POWER RECTIFIERS AG a $08 asue 
60 Y3HP 1500 Y75HP 
80 Y4HP 2000 Y100HP 
100 Y5HP 2500 Y125HP 
200 Y1OHP 3000 Y150HP 
400 Y20HP 3500 Y175HP 
600 Y30HP 4000 Y200HP 


SEND FOR BULLETIN HVR-850 


waaince TO 250 KW PHOTO-ELECTRIC 
CELLS 
EFFICIENCY TO 87% — POWER FACTOR 95% 
Suitable for Oil Immersion Unmaunied. colle SELF-GENERATING 
FOR ELECTROPLATING, BATTERY CHARGING, available 
ELEVATOR AND AIRCRAFT POWER SUPPLY UNITS, ETC. TYPE 
PARTIAL LIST OF POWER RECTIFIERS ee 


ee ee ee eee eee 
TYPE NO. DC VOLTS DC AMPS SIZE PLATE STABLE CHARACTERISTICS 


D507 o—15 0.5 1%” Sq. 

D510 o—15 3.0 3” Sq. Output up to 600 microamperes at 
ie eae ee are: Re Lie 100 foof-candles illumination and 
“de eee 14.0 6% a 7," 100 ohms external resistance. 
D521 95 5.0 4%" Sq. WRITE FOR BULLETINS 


DP5—Hermetically 


WRITE FOR BULLETINS C-349 and C-848. Sealed (front view) PC-649, PPC-250, HPC-450 


INQUIRIES ON YOUR APPLICATIONS INVITED e PROMPT DELIVERY 
Subscription to Bi-monthly Technical Bulletin, ‘Rectifier News” if requested on company letterhead. 


INTERNATIONAL RECTIFIER CORPORATION 


6809 SOUTH VICTORIA AVENUE « LOS ANGELES 43 » CALIFORNIA 
REPRESENTATIVES IN PRINCIPAL CITIES + * CONSULT YOUR LOCAL TELEPHONE DIRECTORY 
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STANDARD : ance 
fonperowce cerenrenae - 


from RADIO. 
FREQUENCY 
HEATING EQUIPMENT 


This report on a recom- 

MEASURING EQUIPMENT mended. practice 7evieHaay 

theoretical aspects of th 

Complete Frequency Coverage -- 14kc to 1000mc ! interference problem and 

i ee sietiiniasmeamemtianeinias then outlines procedures 

which should be followed; 

which may be applied both 

ylt in construction and ag 

14ke to 250kc remedial measures where 

AEE sees i interference exceeds limits 

specified in FCC rules. 

Price: $.80; 50 percent 

discount to AIEE members, 
Address: 


Very low frequencies. 


PEay NM - 204) 


150ke to 25mc 

Commercial Equivalent of AN/PRM-1. 
Self-contained batteries. A.C. supply 
optional. Includes standard broadcast 
band, radio range, WWV, and commun- 
ications frequencies. 


AIEE ORDER DEPARTMENT 
33 West 39th Street 


New York 18, N. Y. 
1251 


American Standard 

fe 
POOL CATHODE © 
MERCURY-ARC POWER 
CONVERTERS 


Sponsored and published by 1 
AIEE, this standard (C34.l— 7 
1949), applies to all types of 
mercury-arc power conver- 
ters, employing rectifying de- 
vices with mercury pool 
cathodes and used for power 
conversion purposes, includ- 
ing mercury-arc power recti- 
fiers and inverters, electronic 
frequency changers and con- 
verters used with electronic 
motors when these equip 
ments employ mercury-arc 
rectifying devices with pool 
cathodes. Price: $1.20; 50 
per cent discount to mem- 
bers of the AIEE. 


~~ MR NMA -5A [i 
15mc to 400mc 
Commercial Equivalent of 
TS-587/U. 
Frequency range includes 
FM and TV Bands. 


yHF 


375mc to 1000mc 
Commercial Equivalent of 
AN/URM-17, 

Frequency range includes Citizens 
Band and UHF color TV Band. 


These instruments comply with test equipment requirements of 
such radio interference specifications as JAN-!-225a, ASA C63.2, 


16E4(SHIPS), AN-I-24a, AN-I-42, AN-I-27a MIL-I-6722 and others. Address: 
AIEE ORDER DEPARTMENT 
STODDART AIRCRAFT RADIO CO. 33 West 39th Street 


6644 SANTA MONICA BLVD., HOLLYWOOD 38, CALIFORNIA 
Hillside 9294 


New York 18, N. Y. 
12-51 
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The miracles of modern electric illumination were all fore- 
shadowed by the glow of Edison’s first lamp—implicit 


ECEMBER 1951 


inventions, were the corollary imagination 


and effort of thousands of unpublicized 


in the great IDEA. Also implied in this, as in all epoch-making 


successors—pioneers of America’s vital electric illuminating industry. 


©) 
OO 


®) 
# 
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KERITE insulation was well established 
before the turn of the century, Already 
famous in telegraphic and signal appli- 
cations, Kerite quickly won recogni- 
tion for safety, dependability, and ulti- 
mate economy in the infant lighting 
and power industry ... for the trans- 


-mission of electric power via aerial, 


underground, and submarine cable. 


By conscientious workmanship, care- 
ful handling, and a continuing search 
for new and better applications of its 
unique formula, The Kerite Company 
has been able to anticipate the power 
industry’s needs. It will continue to 
apply itself to the technical world of 
“ideas” in which now, as in Edison’s 
day, the future of America’s power 
still lives. 


) KERITE CABLE 


(@) 


Ca Kerite Insulation —Your Cable’s Best Life Insurance 
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@ AIEE 


STANDARDS 


700 


Standards on electric machinery and | 
apparatus chiefly devoted to defining 


terms, and limits which J] 


conditions, 


f 
| 


q 


characterize behavior, with special 7 
erence to acceptance tests. 


A discount of 50 per cent is allowed to Institute members mexcerY as noted. 


General Principles Upon Which Tempera- 
ture Limits Are Based in the Rating of 
Electric Machines and Apparatus (June 
1947) 

Report on Guiding Principles for Specifica- 
tion of Service Conditions (May 1944).. 

Guiding Principles for Selection of Refer- 
ence Values for Electrical Standards 
(Oct. 1943) 

Measurement of Test Voltage in Dielectric 
Tests (Nov. 1942) (ASA C68. 1) 

Rotating Electric Machinery on Railway 
Locomotives & Rail Cars & Trolley, Gaso- 
line-Electric & Oil-Electric aches 
(Jan. 1943) (ASA C35.1).............. 

Industrial ones Sree (Dec. 1943) 
(ASA C 

Electric Pala Control “Apparatus (Dec. 
1931) (AS 

Mathematical Symbols (Jan. 1928) (ASA 


Ce 


Pe ae ee 


eoseceeesec eee eee ee eee eee ee 


eee eee eee Geer races eee eens 


Ce 


wore e sete eo eee ee eee oe eee eee he ro 


ey 


Bee eee 600 Volts (Mar. 1945)....... 
Switchgear Assemblies (Aug. 1942)....... 
Wet Tests (July 1943) (ASA C77.1)....... 
Wires and Cables (Definitions and General 
Standards) (Dec, 1944) (ASA C8.1)..... 
Capacitance Potential Devices and Out- 
door Coupling Capacitors (Jan. 1944).. 
Neutral Grounding Devices (May 1947)... 
Electric Recording Instruments (July 1947) . 
Recommended Practice for Testing Insula- 
tion Resistance of Rotating Machinery 
(Arial 50) Rtn hence. «5 stan sits 
Recommended Practice for meee Instal- 
lations on Shipboard (Dec. 1948 
Hard Drawn Aluminum Conductors (May 
1927 )s(AS AICI) eatancwiecls scree eee 
Expulsion Type Distribution Lightning Ar- 
resters (Dec. 1945)..............-200- 
Potheads (Jan. 1948)..............2.2.-, 
Roof, Floor, and Wall ena (Jan. 1948) . 
Test Code for Direct-Current Machines 
Guly -194 1) Raa ce cess doce ska 
Test Code for Synchronous Machines 
Gune 1945). a eee eee 
Master Test aan for Resistance Measure- 
ment (May 1949).................005. 
Master Test Cote for Temperature Meas- 
urement (Aug. 1950)................. 
Recommended Specification for Speed 
Governing of Steam Turbines Intended 
to Drive Electric Generators (May 1949) 
Preferred Standards and Standard Speci- 
fication Data for Large 3600-rpm, 3 
Phase, 60-Cycle Condensing Steam Tur- 
bine Generators (Nov. 1950).......... 
Recommended Sosa for Speed- 
Governing of Hydraulic Turbines In- 
tended to Drive Electric Generators 
(Sept: 1950) 3 35 cocaoe eye eee 
be D- ah Apparatus Voltage Ratings 


ated Wire and ore for Gan Bur 


eae neee 


poses (Feb. 1942 
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American Institute of Electric 


33 West 39th Street, New York 18, N. Y. 


ACRYS Specifications for Cotton Covered Round) % 
Copper Magnet Wire (Apr. 1936) 
*C8.6| |Specifications for Silk Covered Round 
Copper Magnet Wire (Apr. 1936) 
*C8.7| |Specifications for Enameled Round Cop- 
per Magnet Wire (Apr. 1936) 
*C8.16 Specifications for Rubber-Insulated Tree 4 
Wire (May 1940).............00eeeeee 5 
*C8.18 Specifications for | Weather-Resistant 
(Weatherproof) Wire and Cable (URC 
Type) (Jan. 1948)..........-...--0 ee 6 
*C8.19 Specifications for Weather-Resistant Satu- 
rants & Finishes for Aerial Rubber-Insu- _ 
lated Wire & Cables (Nov. 1939)....... 40 
*C8.20 Specifications for Heavy-Walled Enameled 
Round Copper Magnet Wire (Nov. 1939) 40 
*C29.1 Insulator Tests (Sept. 1944) (AIEE41)..... .80 
*“C34.1 Pool Cathode Mercury-Arc Power Con- 
verters (Jan. 1949)............--eeeee 1.20 
*C37.1 Relays Associated with Electric Power Ap- 
paratus (Mar. 1950).................. 60 
*C37.2 Automatic Station Control, Supervisory & 
Telemetering Equipment (Dec. 1945).... .60- 
( *C37.4) (Alternating- Pa Power Circuit Break- 
ers (May 194 
*C37.5| | Methods for Petes the Rms Value of! 
a Sinusoidal Current Wave and a Nor- 
mal Frequency Recovery Voltage (1945) 
*C37.6| | A Schedule of Preferred Ratings for Power 
Circuit Breakers (Jan. 1949) 
For those already possessing the 1945 edition of 
C37.4-.9, the January 1949 edition of C37.6 can be 1,75 
purchased separately for thirty-five cents ($.35) per 
SCS 7aT Oeeataa Duty (Duty Cycle) for Stand- 
ard and Reclosing Service (May 1945) 
*C37.8| |Rated Control Voltages (May 1945) 
*C37.9 Tet oe for Power Circuit Breakers (May 
No discounts apply on price of this publication. 
*C39.1 Electric Indicating Instruments (Jan. 1951). 1.60 
“C50 _— Rotating Electric Machinery (Mar. 1943)... 1-755 
No discounts apply on price of this publication. 
*CS57 + Transformers, Regulators, and Reactors 
(May 1948) fcc oc ovate reer 4.00 
For those already Sarena the complete 1948 edi- 
tion of C57, the December 1949 editions of C57.15 y 
and CS57.25 can be purchased separately for fifty 
cents ($.50) per copy (AIEE members are allowed 
a fifty per cent discount.) 
‘Z10.5 Letter Symbols for Electrical Quantities wa 
; (June 1949) 7 ow s:..... «ane ce ete. ee ee .60 
Z24.7. Test Code for Apparatus Noise Measure- a 
ment.(Dec.. 1950)):% {oes e ane ee 50 
*Z32.3. Graphical Symbols for Electric Power and i 
Control.(Mar.. 1946) a)... . iene 1.00 
*Z32.5 Graphical Symbols for Telephone, Tele- 
graph, and Radio Use (Oct. 1944)...... 80 
*Z32.9 Graphical Hootie oes for Architec- 5 
tural Plans (Feb. 1943)................ 40 
*Z32.10 Graphical Symbols = Electron Devices 4 
(Sept: 1948) .c35 asc: cee se eee ee 60 
*Z32.12 Basic ety cia Bie for Electric Ap- : 
paratus (Feb. 1947).................. .60 
*732.13 Ga hee Ges on Drawings (Oct. : 
eee... Marae ns on 1.00 
Total Cost of Complete Set (Non-Member).. $43.70 
(Member).. $23.60 
* Approved as American Standard. 
tt 
al Engineers — 
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THE SOLA FAMILY OF 


S boltia Ge (“4 keg a / 0, la 14 [AY aaeice on less than 3% 
| Output adjustable from 
MEETS MOST 


0-130 volts 
MILITARY and INDUSTRIAL 
REQUIREMENTS 


SOLA DISCIPLINES VOLTAGE 


Regulation 
+1% 


Regulation +3% Regulation +3% 


Plug-in accessory unit 


® Static-magnetic regulation ® Self-protecting against 


Harmonic Distortion 
less than 3% * No moving or renewable * Automatic current limiting 
a ; action 
A gol ® No manual adjustments 
, * Complete automatic, ¢ Choice of transformation 
continuous regulation ratios 


< Contlant Vollage Made under one-or more of 
D212 198; buen; 2592111 
| A \ TRANS FOR Pas E RS 2,489,245, and netsh pending. 


ransformers for: Constant Voltage ® Fluorescent Lighting ® Cold Cathode Lighting.® Airport Lighting ® Series Lighting * Luminous Tube Signs 


Jil Burner Ignition © X-Ray © Power ® Controls ® Signal Systems ® etc. © SOLA ELECTRIC CO., 4633 W. 16th Street, Chicago 50, Illinois 


Aanufactured under license by: ADVANCE COMPONENTS LTD., Walthamstow, E., England ® M. C. B. & VERITABLE ALTER, Courbevoie (Seine), France 


ENDURANCE ELECTRIC CO., Concord West, N. S. W., Australia ° UCOA RADIO S.A., Buenos Aires, Argentina 
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the truth about 
Dow Corning 
Silicones... 


2 

. .. is more fantastic than the patter of the 

pitchman or the spiel of the barkers that ° 

doubled in advertising and sales : 

a generation ago. For example: DOW CORNING, SILICONE EXPOSITION 
Z now scheduled for 

® Silicone (Class H) electrical insulation makes motors = e CLEVELAND 

and other kinds of electrical equipment last 10 times SX Ws e DETROIT 
as long as they ever did before. es Tew vo 
e 
¢ These same insulating materials are used to YN ¢ peers 
double the power per pound ratio in electric machines crate q . bss 
2 ‘eel’ a eg e i : CHICAGO 
® Silastic,* the Dow Corning silicone rubber is used to seal os Ln ‘ Ter WEEE 
hot air at 600°F., hot oil at 350-400°F., limit switches and — jl : ote LOS ANGELES 
et ° = a e 

bomb bay doors at —100°F. ere i If you want to know more 
® Dow Corning Silicone oils and greases eels i ae rite ton ome . 

make permanent lubrication a practical reality. Fog aes * mation including our nev 

: eet ¢ $32-page book which 
To many engineers and executives, such silicone facts * answers in simple words 
as these still sound too good to be true. That’s why ag , pictures am 4 
Ps = U i a 
we have built and assembled 16,000 pounds of . Silicone?” Address Om 
demonstration units and typical applications to * partment H-12 
prove that our silicone products will do all that we : 

F er ; DOW CORNING 
claim for them. This is the first comprehensive : CORPORATION 
Silicone Exposition ever assembled. Previewed 5 Midland, Michigan — 
in Washington, D. C. during the week of ATLANTA :, 

October 22nd, this exhibit will be given CHICAGO ; 


private showings in major industrial 


centers across the country. Se tae D 0 W C 0 R N | N G 


DALLAS 


maaan SILICONES 


DOW CORNING CORPORATION 


NEW YORK 


*T.M.REG,U.S.PAT.OFFy 


MIDLAND, MICHIG 


WASHINGTON, D. C. 


In CANADA: Fiberglas Canada, Ltd., Toronto @ In GREAT BRITAIN: Midland Silicones, Ltd., London 
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A WESTINGHOUSE | 
TELEMETERING DEVELOPMENT | 


151035 1570 35 
CYCLES CYCLES 


MILLI- 
VOLTS 


TRANS- 
MISSION 
CHANNEL 


NOU e+ Instantaneous response 


when you use “€9-O-/7o77 telemetering | 


| 
sponse is instantaneous—only 0.3 seconds, exclusive either the measuring stations, intermediate stations, | 
ind devices—when you telemeter with Freq-O-Tron. or the receiving stations. | 
d you can transmit any value—over long or short For complete information on the latest advance | 
ances—employing any medium; microwave, power in fast, accurate, versatile telemetering, write for . | 
> carrier, or pilot wire. Freq-O-Tron Bulletin DB 41-810. Westinghouse Relay | 
Vestinghouse Freq-O-Tron equipment consists Application Engineers are available to help on spe- | 
he new Types IT-1 Transmitter and the IR-1 cific application problems. Westinghouse Electric 
eiver, each self-contained in compact, switchboard- Corporation, P. O. Box 868, Pittsburgh 30, Penna. i 

cases. Employed with end devices, this new J-40403 


ipment provides a reliable means of telemetering 
value that can be converted to a proportional d-c 
livolt equivalent. 

teq-O-Tron also provides for flexible totalizing. 
7 number of similar quantities can be totalized at 


Lreg-OLton © 
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Here’s why CANNON 


those in the know 


_ soni LU GS 


All contacts machined from 
solid bar stock and 
electroplated with silver. 


insert retaining screw 
threads into metal barrel 

instead of plastic... inserts 
can be removed easily. 


Full-floating, non-twisting 
socket contacts provide 
alignment, relieve strain 
on contacts. 


Solder cups hand tinned 
inside only, make clean 
soldered connections. 


Die-cast zinc integral cable 
clamp swaged to steel shell. 


Improved rubber bushing serves as 
cable relief, gives added insulation 


and weatherproofing. 
Improved patented latch locks ® & 


connectors for added safety. 


If you talk to sound technicians anywhere you'll find 
Cannon Type P connectors are the accepted standard of 
quality... taking a beating day in day out where frequent 
changes in circuits are required on all kinds of jobs up 
to 30 amp. capacity. 

The close attention to important details called out in 
the above illustration is typical of the care used in the 
design and construction of all Cannon Plugs—the world’s 
most complete line. 

The above type series is distributed through 
selected franchise distributors. The line is fully 
described in the Type P Bulletin. Engineering 
bulletins describing each of the many basic 
types of Cannon Plugs will be sent on request. 


Type P insert arrangements include 
_ 2-3-4-5-6 and 8 contacts. All con- 
tacts are 30 amp. capacity except 
thoseinP-8 layout which are15 amp. 
Full scale layouts, front view pin in- 
sert, engaging side, shown at right. 


CANNON 
ELECTRIC 


Since 1915 P-8 
CANNON ELECTRIC COMPANY 
LOS ANGELES 31, CALIFORNIA 


Factories in Los Angeles, Toronto, New Haven. Repre- 
sentatives in principal cities. Address inquiries to Cannon 
Electric Company, Department L117,P. 0. Box 75, Lincoln 
Heights Station, Los Angeles 31, California. 
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PROFESSIONAL 
GUIDE 
for 
JUNIOR 
ENGINEERS 


THIS 56-PAGE PUBLICATION, IS 
SUED BY THE ENGINEERS’ COUN- 
CIL FOR PROFESSIONAL DEVELOP- 
MENT, WAS WRITTEN BY THE 
LATE DR. WILLIAM E. WICK} 
DEN, AND EDITED BY G, 
HENNINGER. 


The book seeks to give the young engi- 


neering graduate a sense of professional 


gins and professional relationships. 
Full treatment is given to the practical 
side of getting an engineering job and of 
advancing in the profession. Also in- 
cluded is the Council’s credo “*Faith of 
the Engineer,” a self-appraisal ques- 
tionnaire, and the Canon of Ethics for 
Engineers. 


PRICE $1.00 


(25 PER CENT DISCOUNT 


LOWED ON 10 OR MORE COPIES) 


SEND AT ONCE 
USING THE COUPON 


Engineers’ Council for 
Professional Development 
29 West 39th Street 
New York 18, N. Y. 


Please forward a copy of “A Professiona 
Guide for Junior Engineers.” Paymet 
is enclosed. 


ee ee ci) 


This Koppers ‘tpackaged”’ mechanical or vacuum This Koppers exclusive—the bottom drag scraper 


tube power pack is not restricted to an area near —provides continuous dust removal. Cumber- 
the precipitator. It can easily be installed in some hoppers are eliminated and dust handling 
any convenient place in the plant. Result: Com- is simplified. Result: Lower operating costs! Less 


pact designs! More flexibility! 


space requirement! 


Here are two ways Koppers engineers 


simplify precipitator operation for you! 


PERFORMANCE 
GUARANTEED! 


Koppers engineers protect 
your investment in an elec- 
trostatic precipitator by guar- 
anteeing both the recovery or 
gas-cleaning efficiency and the 
residual content left in the gas 
after cleaning. Koppers-Elex 
electrostatic precipitators are 
designed, engineered, fabrica- 
ted, erected and guaranteed 
under one contract by Kop- 
pers Company, Inc. 


Mads. 4 
KOPPERS|, 
Vv 


N ADDITION to high efficiency, Koppers concentrates on 

the practical aspects of electrostatic precipitator design. 
Shown above are just two of the many practical features which 
simplify operation. 


Besides these compact power packs and the continuous dust 
removal features, Koppers-Elex electrostatic precipitators may 
be of the multiple-chamber type. This means one: chamber 
may be shut down for inspection or maintenance without stop- 
ping the gas-cleaning action. The dirty gas is simply diverted 
through other chambers where cleaning continues. 


Because rapping is sectionalized, re-entrainment is minimized. 
And because successive collection fields can be separately 
energized, maximum voltage can be applied to each field—with 
higher gas-cleaning efficiency resulting. Pressure drops are 
negligible. 


IF YOU HAVE A GAS-CLEANING PROBLEM, write and out- 
line the details for us to review. There is no obligation. Just 
address your letter to: KoppERs Company, Inc., Precipitator 
Dept., 332 Scott Street, Baltimore 3, Maryland. 


Agqoets cle ELECTROSTATIC PRECIPITATORS 
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(Photo courtesy Knoxville Power Co.) 


33 Years at hard labor.:. 


High in the Smoky Mountains 
whipped by wind, rain, and sleet, 
this 5,010-foot Alcoa ACSR span 
proves the combined advantages 
of ACSR—strength, light weight 
and economy. 


Installed in 1918, this almost 
mile-long span has given trouble- 
free service and is good for many 
years more... long-standing tes- 
timony to the success of Alcoa’s 
pioneer ACSR work in sag tension 
calculations, vibration and con- 
ductor fatigue problems. 


“What's in it for you” can be 
found in the records of Alcoa’s 
aluminum experience built up over 
63 years. This vast amount of 
shirt-sleeve, working knowledge 
about the design, manufacture 
and installation of conductors can 
help you solve your transmission 
line problems. 


Although the rearmament pro- 
gram prevents unrestricted use of 
aluminum, we are ready to help 
you with the planning required 
for power transmission projects. 


TECHNICAL HELP—NO OBLIGATION 


Write for help, advice or technical literature. Address: ALUMINUM 
Company OF America, 2102MGulf Bldg., Pittsburgh 19, Pennsylvania. 
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ielectric strength of Du Pont “Rulan” 


Sketch shows high-voltage wire insulated with 
“Rulan” connected to kinescope in RCA Victor 
receiver. Extruded insulation of “Rulan” is only 
45 mils thick for 10 kv, 67 mils for 20 kv, and 
93 mils for 40 kv. 


Wire manufactured by 
Anaconda Wire & Cable Company, 
New York, N.Y. 


REG. u, 5, PAT. OFF 
BETTER THINGS FOR BETTER LIVING 
~~. THROUGH CHEMISTRY 


Polychemicals 


DEPARTMENT 


PLASTICS © CHEMICALS 


permits smaller cable in 
RCA Victor TV receiver; 


flame-resistance increases 
safety 


This high-voltage DC lead wire insulated with Du Pont 
“‘Rulan’’* flame-retardant plastic is a space-saver in 
RCA Victor television receivers. The high dielectric 
strength of ‘““Rulan”’ permits a thinner insulating jacket 
for the cable. The jacket on a 10,000-volt lead is thin 
as a soda straw! 


The insulation efficiency of ‘“‘Rulan’’ is shown by its 
high resistance to corona in these T'V leads. The dielec- 
tric constant is 2.7 and the power factor is 0.002— 
both constant over a wide range of frequencies. ““Rulan’’ 
is non-tracking. And—important for safety —‘“‘Rulan’”’ 
is flame-resistant and will not support combustion. 


You'll be seeing more and more of this tough, flex- 
ible insulating plastic. ‘“Rulan’’ can be used with no 
sacrifice of efficiency at temperaturés as low as -76° F. 
and has very low water-absorption (only 0.02% by 
A.S.T.M. test). Excellent for neon sign cable, high- 
voltage hook-up wire, multi-conductor cable, signal 
control wire, high-voltage street-lighting cable, and 
many other applications where a flame-resistant in- 
sulation is needed. % 


‘Because “‘Rulan”’ contains no plasticizer, it is useful 


in non-migrating jackets. It can be extruded onto wire 
at high speeds and can be injection-molded. 


Demand for Du Pont “Rulan” currently exceeds 
supply. However, we suggest you investigate the ver- 
satile properties of ““Rulan”’ for future application. For 


more information write: Cras ink 


E. I. du Pont de Nemours & Co. (Inc.), 
Polychemicals Dept., District Offices: 
350 Fifth Avenue, New York 1, New York 
7 S. Dearborn St., Chicago 3, Illinois 
845 E. 60th St., Los Angeles 1, California 


YECEMBER 1951 Please mention ELECTRICAL ENGINEERING when writing to advertisers 385A 


Official Department of Defense Photo. 
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_ OUTPUT from existing 
pment demands full volt- 
Heat output of infra-red 
s (used for baking paint 
1etal, drying coils of elec- 
| apparatus and similar 
ications) drops with un- 
oltage. Output of resistance 
aces also drops off as the 
re of undervoltage, 


ALLIS-CHALMERS “) 
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40 2 
100 909 80 70 60 


IT SUBSTATIONS 


N PRODUCTION 


ier CAN INCREASE the production of your plant 
without adding production equipment or hir- 
ing more help . . . just eliminate undervoltage. Mo- 
tors, lights, heating units —all electrical equipment 
gives top performance only when operated at full 
voltage. 


Paint baking or drying operations take longer | 


when voltage drops. For example, a 10% drop 
reduces heating effect of infra-red lamps 19% ... 
slows production. One paint drying operation re- 
quired 63% more time when voltage dropped 10%. 

A major cause of undervoltage is long, heavily 
loaded 480 volt feeders. Install Allis-Chalmers 
LCS Unit Substations at load centers and eliminate 
excessive line drop by shortening low voltage ca- 
bles. Performance of all electrical equipment will 
improve . . . and personnel efficiency will increase 
because of better illumination from existing light- 
ing fixtures. 


PRODUCTION 


a 
Normal Low 
VOLTAGE 


PRODUCTION LOSSES RESULT 
from undervoltage. In one case 
a 10% drop in voltage cut the 
output of an infra-red drying 
oven from 1500 pounds per 
hour to 1275. Undervoltage 
means less work done each day 

* ,.. greater overhead for the 
work done, more manhours to 
be figured into every job. 


% NORMAL VOLTAGE 


You can count on the cooperation of experienced 
Allis-Chalmers substation engineers in working out 
your distribution system. Allis-Chalmers LCS Load 
Center Unit Substations are neat, compact, easy to 
install and provide protection to personnel. Get in 
touch with your A-C representative, or write Allis- 
Chalmers, Milwaukee 1, Wisconsin. 


= A-3372 


90 85 80 

% OF NORMAL VOLTAGE 
TIME 1S WASTED when under- 
voltage is distributed.to infra- 
red bulbs and other “heating 
devices. It takes longer to de- 
liver the same amount of heat 
. . . longer to do a given job. 
In one plant, drying time for 
black painted sheet steel in- 
creased from 11 to 18 minutes 
by a 10% drop in voltage, 


Cut Long Feeders... 


vw vd 


Use LCS Unit Subs 


A MAJOR CAUSE OF UNDER- 
VOLTAGE is voltage drop in 
secondary feeders, Long low 
voltage lines may prove inade- 
quate as production schedules 
are stepped-up and new ma- 
chines added, Install substa- 
tions at load centers to cut 
feeder length, reduce voltage 
drop and increase production, 
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They’re headed for 


At the Laboratories’ school for communications development 
training, the curriculum includes electronics, oseillations 
and waves, switching and transmission. .Each subject is di- 
rectly keyed to the latest fields of telephone research. 


Eacu year the Bell System selects hundreds of 
engineering graduates from technical schools, to 
find the answers to communications problems 
through the application of science and tech- 
nology. A specifically qualified group joins Bell 
Laboratories to develop tomorrow’s telephone 
system — also, in the present emergency, more 
powerful electronic devices for the armed services. 


They come — thanks to the competence of our 
nation’s educators—with an excellent grounding 
in fundamentals. To equip them still further, the 
Laboratories operate a school at graduate level 
for advanced communications. 


BELL TELEPHONE LABORATORIES 


Exploring and inventing, devising and perfecting, 


new frontiers 


for continued improvements and economies in telephone service. 


. * “a - 
The new men receive an intensive course 


the latest theory and techniques. At the 8% 
time they take their places as members of 1 
Technical Staff doing responsible work whi 
with their classroom instruction, reveals whe 
they can make the most of their aptitudes. 


More than ever America’s future must depet 
on men and women who are trained to think & 
ahead in technology whether for tomorrow 
telephones or national defense. By helping thet 
Bell Telephone Laboratories help make Ame 
ica’s telephone system the world’s best, help t 
armed forces keep our country strong. 


TECEMBER I 


HIGH VOLTAGE 


Uptegraff Power Transformers 

meet all AIEE, NEMA and ASA 

standards. 
Built to meet standard or special requirements, 
Uptegraff High-Voltage Power Transformers 
are made in sizes through 10,000 KVA, for 
use on all voltage systems through 115 KV. 

Among the important construction features 
that contribute to long life and safe operation 
are: strong, rigid tanks, designed to withstand 
full atmospheric pressure for vacuum filling; 
radiators designed for ready access for clean- 
ing and painting; synthetic rubber-impregnat- 
ed cork gaskets, with gasket stops to prevent 


over-compression; positive-positioning tap 
changers with high-compression contacts; 
shot-blasted tanks finished with three coats 
of lasting paint. 

Uptegraff offers complete engineering, 
manufacturing and testing facilities, includ- 
ing 1.5-million volt impulse generator now 
being installed. 

We will be glad to have your inquiry for 
High-Voltage Power Transformers built to 
meet your particular needs. 


R- E> UPTEGRAFF MANUFACTURING CO. pennsvivania 


Makers of POWER - DISTRIBUTION * INSTRUMENT - SPECIALTY TRANSFORMERS 
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Underwriters approved as Type USE—Style RR 
for 600 Volts. First to be approved by Civil 
Aeronautics Administration as Type A insula- 
tion for airport wiring under Specification L-824. 


I 
| RECOMMENDED FOR 
1 
I . 
I DIRECT EART 
BURIAL 
} 
I 
l 
! OVERHEAD 
: 
. IN CONDUIT 
i 
: 
I 
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Lie weet ee 


SNe 2e $89) 2 


Pen ure, nn 


64 PAGES OF PERTINENT INFORMATION ... 
Containing many illustrations of Holophane prod- 
ucts . . . cross-sectional drawings . . . candlepower 
distribution curves... detailed information on a 
total of 270 lighting units .. . Description, perform- 
ance, application and dimensional data are given on 


A 
Complete 

GUIDE 

containing 

PRODUCT 
INFORMATION | 
especially 

compiled for: 


Architects 

Engineers 

Consultants 

Draftsmen 

Plant Executives 

Electrical Contractors 
Superintendents 

Work Managers 

Interior Decorators... 

And all other people 
responsible for installation 

of proper 

COMMERCIAL, 

INSTITUTIONAL, 
INDUSTRIAL or 
OUTDOOR 


LIGHTING. 


equipment . . . This book introduces the new Pris- ) 
matic Control Board in the Light and Vision Insti- HOLOPHANE COMPANY, INC. 
tute, as well as many other new developments of 342 Madison Avenue, New York 17, N. Y. 
Holophane research, | Please send your new DATALOG, without charge to | 
, Please attach coupon to your firm letterhead. > 
"ey RIQM NAMIS 20 = St eS x | 
SOkESS_ se eee 
HOLOPHANE COMPANY, Inc. |iiuaie = | 
ghting Authorities Since 1898 - 342 MADISON AVENUE, NEW YORK 17, N.Y. | INDIVIDUAL fed, 
THE HOLOPHANE COMPANY, LTD., THE QUEENSWAY, TORONTO 14, ONTARIO | 
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PARMAR NSS 


Air cooled, 32 KVA, single-phase, 
primary voltage 220, secondary 
voltage 110 to 300 in 10-volt steps. 


Air cooled, 3 KVA, single-phase, 
115 to 2/3 volts, 


Askarel cooled, subway type, 500 
KVA, 3-phase, ee to 216Y/125 
volts. 


Air cooled, 25 KVA, 3-phase, 2400 
to 480 volts, 


1000 KVA, 
3-phase, 66,000 

f volts primary to 2400/4160Y volts 
secondary with special accessories. 


3000 KVA, 3-phase, 26,000 delta to 
2500/4330Y volts. Primary mid- 
tapped for 13,000 volt autotrans- 
former connection. 


cae ent ae 
THE S STANDARD Th 
: | : w ve: E N 


Raa oa x 
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AIEE 
POWER 
CONFERENCE 


This publication (S-38) 
contains the 19 papers 
presented at the first 
AIEE Power Conference, © 
sponsored by the AIEE 
Power Generation, In- 
dustrial Power Systems, 
and System Engineering 
Committees, held in 
April, 1950. 


The 19 papers, some by 
well-known eutheaa 2S 
in the power field, 
grouped under two major 
classifications: power 
generation and indus- 
trial power systems. In 
the power generation 
sessions, two topics were 
considered —the lai 
ning problem and the 
operating problem. 


More than half of the 
papers were devoted to 
industrial power sys- 
tems. This particular 
session reviewed the 
technical progress that 
has been made dustin 
the last decade. 


It is hoped that these 
papers and discussions © 
will serve as a ready 
reference and as a com- 
parison between present 
day and future practices. 
235 pp. illustrated. Price: 
$3.00 ($2.50 to AIEE 


members). 


Send orders for S-38 to: 
_ Order Department — 
AMERICAN INSTITUTE 
OF ELECTRICAL ~ 
ENGINEERS ~- 
33 West 39th Street 
New York 18, N. Y. 


DECEMBER I 


Sylvania uses “demountable” 
picture tube in 


studying electron optics 


damental research and development in 
Fron optics at the Physics Laboratories 
pprania Electric Products Inc. is 

( mpanied by a high order of ingenuity in 
Bicreation of test instruments. 


for instance, a demountable system, wherein 
ron guns and electron gun components 
be changed rapidly, is used to 
rmine gun characteristics with such 
parameters as aperture diameter, 
ode spacings, potentials, etc. 
e of the characteristics that may be 
estigated in such a system are spot 
electron beam diameter and shape, 
ron lens aberrations, and deflec- 
defocusing effects, etc. A com- 
e and systematic study of the 
ton optics of guns, including 
rnal components such as ion trap 
mnets, focusing coils, and deflection 
es, is necessary to determine’ 
ch gun type gives optimum per- 
mance for the particular use 
hich it will be put. 


lvania research and engineering 
Il phases of electronics is 

ic part of its production 

bes and components for the 
stry—an unending search 
better quality, better 

‘ormance, better values. 


SYLVANIA-¥ 


ania Electric Products Inc., 1740 Broadway, New York 19, N. Y. 


SION PICTURE TUBES; FLECTRONIC TEST EQUIPMENT; ELECTRONIC DEVICES; RADIO TUBES; FLUORESCENT TUBES, FIXTURES, SIGN TUBING, WIRING DEVICES; LIGHT BULBS; PHOTOLAMPS; TELEVISION SETS 
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VACUUM TUBE 
VOLTMETER 


MODEL 62 


SPECIFICATIONS: 


RANGE: Push button selection of five ranges—1, 3, 10, 
30 and 100 volts a.c. or d.c. 


ACCURACY: 2% of full scale. Useable from 50 cycles to 
150 megacycles. 


INDICATION: Linear for d.c. and calibrated to indicate 
r.m.s. Values of a sine-wave or 71% of the peak value 
of a complex wave on a.c. 


POWER SUPPLY: 115 volts, 40-60 cycles—no batteries. 
DIMENSIONS: 434" wide, 6” high, and 82’ deep. 
WEIGHT: Approximately six pounds. 


MEASUREMENTS CORPORATION 


BOONTON NEW JERSEY 


‘none Piano i 


“HLSCO COPPER TUBE & PRODUCTS, we 


5743 MARIEMONT AVE. CINCINNATI 27, OHIO 
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= 
| Target: SCIENCE IN Your FUTURE! 


Application Guide 
for 
GROUNDING of INSTRUMENT 
TRANSFORMER SECONDARY 
CIRCUITS and CASES 


The object of this guide, number — | 


52, (based on the findings and con- 
clusions of the AIEE Relay Com- 


mittee) is to give recommendations - 


as to whether all instrument and 


auxiliary transformers, irrespective - 


of voltage, should be grounded, or 
he how this grounding should be 
one. 


These recommendations apply to 


all instrument transformers, irre- 


spective of the value of primary 


voltage or whether the primary | 


windings of the transformers are | 
connected to or in power circuits, 


" 


or whether these primary windings 
are connected in the secondary cir- 
cuits of other instrument trans- 
formers. 


There is no charge for copies. 
Order Department 


AMERICAN INSTITUTE OF 
ELECTRICAL ENGINEERS 


33 West 39th Street, New York 
18, N. Y. 


12-51 


TECHNICAL WRITERS and 
EDITORS experienced in com- 
munications, electronics, and 
associated fields, to work at the 
Signal Corps Center, Fort Mon- 
mouth, N.J. Current needsare 
at several professional levels, 
ranging from trainee positions 
to senior writer. Salaries range 
from approximately $3,400 to 


$6,000 accordingly. Promotional © 


opportunities are good. Work 
willinclude writing, editing,and 
revising technical and scientific 
manuscripts, hand books, pam- 
prices: circulars, instruction 

ooks, etc. on radio, radar, elec- 
tronics, communication, sound 
ranging, and position finding 
equipment, as used by combat 
units of the United States Army. 


MILITARY TRAINING  IN- 
STRUCTORS in communica- 
tions and electronics, such as 
theory of electricity, mobile and 
fixed station radio, microwave 
radio relay, repeater and carrier, 
radar, and motion picture tech- 
niques. Current vacancies are 
atall levels ranging from trainee 
positions, grade GS-5, to senior 
instructors, grade GS-9. Sala- 
ries are from $3,400 to $5,000 per 
year, with good promotional op- 
portunities. Applicants hired 
as _ trainees will be given an ac- 
celerated training course in 
teaching techniques. Those 
who satisfactorily complete this 
training may be promoted pro- 
gressively to senior instructor 
positions within twelve months. 


APPLICATIONS for these posi- 
tions (form number 57) may be 
obtained from the United States 
CivilServiceCommission, Wash- 
ington 25, D.C., or at any first or 
second class post office. When 
completed, forward to: Chief, 
Civilian Personnel Diwision, 
Building 530, Headquarters, 
Fort Monmouth, N. J. 


+2 
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; ble for use in small boxes. They can also be mounted directly on poles. 


[GENERAL 


ELECTRIC 


TYPE JKP-O CURRENT ur este yes 


: we " 


ed RAT 
FOR 00 YOLT CIRCUIT 
MAXIMUM CONTINUOUS AMP a0 
CAUTION! READ NST. GEN-230 
P1685 98 


dew G-E 


SCHENECTADY, 


40025 wr “c: 


68 eyes 


SERIAL HUMBER 


MABE 1G USK 


a 


indoor-outdoor current transformer helps 


ieduce stock requirements— cut inventory costs 


| OR USE INDOORS OR OUT, transformers can be mounted close together 


ecause secondary terminals are on top. This makes them especially suit- 


er 


HEN USED AS A THREE-WIRE TRANSFORMER, two conductors are 
assed through the window. Two-inch window allows easy insertion of 


Wall-sized primary cables for either indoor or outdoor installations. 


ONE BUTYL-MOLDED UNIT FOR FIVE APPLICATIONS. For 
the first time, you can buy a single current transformer that can 
be used for five different applications. General Electric’s new 
butyl-molded Type JKP-0 transformer can be used on ordinary 
applications either indoors or out. It can also be used as a 
three-wire transformer... indoors or out. In addition, it is 
interchangeable with wound-type transformers to meet EEI 
specifications. 

Result: reduced stock requirements and inventory costs. 

New 600-volt Type JKP-0 transformer has primary ratings 
of 200-, 400-, and 600-amperes. For complete information, 
contact your local G-E representative or write Section 604-30 
for Bulletin GED-1465. General Electric, Schenectady 5, N. Y. 


GENERAL ELECTRIC 


604-30 


WHEN MOUNTED ON ADAPTER PLATE, transformer meets the dimen- 
sional requirements of EEI specification MS2. . . thus increasing its inter- 
changeability and making possible another application of the single unit 


control 
‘motors... 


for extremely low 
inertia and high 
frequency response 


HIGH VOLTAGE MOTORS 


60 Cycle, 11/2 - 5 - 10 wati models 
Designed specifically for 
electronic systems—operate 
directly in the plate circuit of a 
vacuum tube amplifier. 


LOW VOLTAGE MOTORS 


60 and 400 Cycle, 21/2 - 5-10 watt models 


Recommended for normal two- 
phase applications. 


advantages 


Write for Descriptive Linear torque —voltage characteristics 
Brochure about all Lincen ioe dich teristi 
que —speed characteristics 
Far entre ets, Withstand continuous stalling 
High torque efficiency 
Flexibility of mounting 


FORD INSTRUMENT COMPANY 


Division of The Sperry Corporation 
31-10 Thomson Avenue, Long Island City 1, N.Y. 


WRENCH — the world’s first true Wy 
universal wrench. A patented design 

for connections on tubing, rods, 
piping, conduit, studs, etc. Sixty-four makers of 
socket sizes from ¥%"to 4”. Smallest Fl d too! 
effective ratcheting arc yet —= 5° to ‘ vance re 
72°. TAC will also do every job for industry 
any ordinary ratchet wrench will do: 

one TAC set replaces literally doz- 

ens of single-purpose hand fools. 


7 & | 
§\ §3 TAC is the registered trademark of 


WS @ TUBING APPLIANCE Co. 


7142 South Victoria » 10321 Anza Ave. « Los Angeles, Calif, 


hy 
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me UNIVERSAL 


1560 EAST FIRST STREET 


CREE os Di 


UNIFORM QUALITY 


INSULATORS 


The quality of any insulator is the sum of its desired 
characteristics. Universal Porcelain Insulators have a 
uniform body density. They are held to close dimension 
tolerances. They have high dielectric and physical 
strength. They withstand temperature extremes, mois- 
ture, fumes, acids and corrosion. The sum of these 
characteristics repeated in piece after piece adds 
up to the Uniform Quality for which Universal Insu- 
lators are so widely known and used. A Universal 
insulator engineer will be glad to work with you. 


> 


Joint AIEE-NTF 
Conference on 
Telemetering 


AIEE Special Publication S-41 contains papers 
and discussions presented at the technical con- 
ference on telemetering sponsored by the 
American Institute of Electrical Engineers and 
the National Telemetering Forum (NTF) held in 
May 1950. 


Five general sessions were given. The first 
session is devoted to the general features of 
telemetering, its functional classifications, and 
the historical backgrounds of the AIEE Joint 
Subcommittee on Telemetering and Supervisory 
Control, the AIEE Committee on Instruments 
and Measurements, and the NTF, in order to 
establish a common language between both 
groups. The remaining sessions emphasize the 
technical aspects of the subject—telemetering 
systems, telemetering systems and pickups, and 
other related telemetering topics. 


Publication S-41 is available at the price of 
$3.50. Send orders to: 

Order Department 
American Institute of Electrical Engineers 
33 West 39th Street New York 18, N. Y. 
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CLAY PRODUCTS CO. 
SANDUSKY, OHIO 
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Reducing Diet 


FOR ELECTRONIC EQUIPMENT- 


}Centralab parts cut down size-space-weight and cost 
of TV-FM-AM and military electronic gear 


| DeEcEMBER 1951 


MINIATURE CONTROLS — You can rely on Centralab for the 
smallest in controls. For example, Centralab’s Model 1 variable 
resistor .. . smaller than a dime — available in standard or Hi- 
Torque types — either type with or without a built-in, off-on 
switch. New Hi-Torque units hold exact settings under condi- 
tions of vibration or shock. 


MINIATURE CAPACITORS — Centralab ceramic capacitors make 
tremendous savings in space — many of them are 4th and less 


. the size of ordinary capacitors. They provide permanence never 


before achieved with old-fashioned paper or micas. Ceramic body 
provides imperviousness to moisture and ability to withstand 
temperatures generally encountered in electrical apparatus. Rely 
on Centralab ceramics for close tolerance, high accuracy, low 
power factors and temperature compensation as required. 


PRINTED ELECTRONIC CIRCUITS . . . no other modern electronic 
development offers such tremendous space, weight, and cost sav- 
ing advantages as Centralab Printed Electronic Circuits. They 
provide complete miniature units of widely diversified circuits— 
from single resistor plates to complete speech amplifiers. Cen- 
tralab PEC’s are available in a number of standard units — and 
where conditions warrant, numerous other circuit complements 
can be developed for quantity requirements. 


MINIATURE SWITCHES — Centralab’s new Series 20 and Senes 30 
miniature switches are designed to meet the modern trend toward 
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greatly reduced size. Their extremely small size, plus availability 
of separate sections and index assemblies provide broad oppor- 
tunity for design engineers and manufacturers. Available in multi- 
pole, multi-position, multi-section (phenolic or Steatite) units 
and in combinations with attached line switches and/or variable 


resistors. 
* * * * 


Centralab offers electronic design engineers a complete 
line of miniature controls, switches, capacitors and printed 
electronic circuits in the ratings needed to help you mini- 
aturize nearly all types of electronic equipment. You'll 
find Centralab an excellent source of supply for these 
miniature components — in standard models — or special 
adaptations. Technical literature and engineering consul- 


_ tation available. Write: 


Cen 


Division of Globe-Union Inc, 
932 East Keefe Avenue © Milwoukee 1, Wisconsin 
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Coal Load 


« 
TRADE k 


AMERICAN 
ELECTRICAL WIRE 
AND CABLE 
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American Electrical Wire & Cable 


AMERCLAD* 


*the heavy-duty electrical cable and cord 


You’ll find U-S-S Amerclad down in the mines, where it’s re- 
lentlessly coiled and uncoiled and dragged over rails and ties. You'll 
find it on railroads for general utility use under all types of conditions. 


You'll find Amerclad delivering power to the shovels in quat- 
ries and strip mines. There, it’s reeled in and out all day long and hauled 
over sharp rock. 


You'll find Amerclad under water, too . . . it’s used on dredges 
that need electrical cable that can withstand great abuse. Actually, 
there’s an Amerclad Cable or Cord for just about any tough operating 
condition you can name. 


Amerclad Cable and Cord is jacketed with tough, resilient 
Amerprene. This quality jacket resists moisture, sunlight, mineral oil, 
grease, flame. It will not propagate fire. And it meets the requirements 
of ASTM D752. 


Amerclad Cable and Cord can be furnished with PS Shielding,t 


. the conducting rubber tape that prevents corona discharge because it 


will not pull away from the insulation like metallic shielding. 


For more information, get in touch with your nearest American 


Steel & Wire Company office. 
PS Shielding—an original development of American Steel & Wire Company. 


AMERICAN STEEL & WIRE COMPANY, GENERAL OFFICES: CLEVELAND, OHIO 
COLUMBIA STEEL COMPANY, SAN FRANCISCO, PACIFIC COAST DISTRIBUTORS 
TENNESSEE COAL, IRON & RAILROAD COMPANY, BIRMINGHAM, SOUTHERN DISTRIBUTORS 
UNITED STATES STEEL EXPORT COMPANY, NEW YORK 
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New AIEE Standard 


ZS wi ts 
«ee PANELS UP TO WIDE LOW-VOLTAGE AIR CIRCUIT BREAKERS 
IN YOUR OWN SHOP WITH THE Standard and Application Guide number |} 


20, prepared by a Working Group for Low- 
WE W ENGRAVOGRAP H Voltage Air Circuit Breakers of the AIEE 
wie Committee on Switchgear, applies to all 


Portable Model 1-S : : : 
air circuit breakers with interrupting rat- 


ing over 10,000 amperes, as follows: 


Air circuit breakers 1,500 volts a-c or less and 
3,000 volts d-c or less 

All field discharge breakers comprising air circuit 
breaker contact elements with field discharge 
contacts added of any ampere rating single pole 
or multipole 

Air circuit breakers assembled as integral units in 
supporting end enclosing housings of insulation 
material for voltage ratings up to and including 
600 volts alternating current, 250 volts direct 


The only portable machine which reproduces 


Ne 


15 sizes from one master alphabet. current ; 
rege ee ade | The only one with adjustable copy holding Air sien Spare pee in individual enclo- 
see, duty slides for multiline engraving in one set-up. sures usually built of steel for separate mounting 

model Self-centering holding vise for nameplates. Copies may be obtained for the price of 


$0.60 (there is a 50 per cent discount avail- 
able to AIEE members) from: 


new hermes 
. GY\\V Order Department 
NEM HERMES, Ine. Eg Mel AMERICAN INSTITUTE OF ELECTRICAL 
13-19 University Pl, N. Y. 3, N.Y. ENGINEERS 
CANADA: 359 St. James St., Montreal 33 West 39th Street New York 18, N. Y. 
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World’s Largest Manufacturer of Portable Engraving Machings 


SYVVTROM 


SELENIUM 
RECTIFIERS 


3-pole, 400 ampere 
ASCO Feeder 
Control Switch 
with selenium rec- 
tifier mounted sep- 
arately, y 


ts Magnetically "" 


_L 


Made by a new proc- 


It's an Asco Feeder Control Switch 4 
| ess to a uniform, high 


A Se line : our Bulletin 911 and up nae hae D-C. Sowtie are quality for continuous, 
Mechanically Held Remote Control €49U!pped with magnetic blowouts, { : 

: . - ervice. 
Switches, this new line of ASCO Feed- Larger sizes are D-C coil operated for heey cee 


«2 Cis eral Sieh chat Ca Raia RIA quiet operation. Suitable selenium rec- 
2 tifiers are furnished, mounted on the One inch square to 


capacities ranging from 30 to 1000 am- — switch panel or on individual panel, 12- by 16-inch cells in 
peres and for voltages up to 550 A-C as desired. 

This latest development in the ASCO line of Switches (Bulletin 911- 
187S Series) is indicative of our service to industry in this particular 
division of electro-magnetic controls. Why not let us work with you 
on your electro-magnetic control requirements? That’s what we’re in 


business for. SYNTRON CO. 
Aulomalic Switch Co.) | {4otesinsien 


385-E LAKESIDE AVENUE - ORANGE, NEW JERSEY 


standard stacks or for 
customer assembly. 


Write for literature 
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How much can you expect 


an oscilloscope camera to do? 


MV 


Scope Image Film Recording 


1 Single-frame photography of stationary pat- 
) * © terns using a continuously running sweep. 


ae 


Scope Image Film Recording 


2 Single-frame photography of single transients 
® using a single sweep. 


Scope Image Film Recording 


3 Continuous-motion photography employing film 
j ® motion as a time base. 


Scope Image Film Recording 


4 Continuous-motion photography employing 
¢ oscilloscope sweep as a time base. 


e 2 = S 
s © = . 
° s = Ss 
e e a = 
e e a ja 
e e = = 
e e = Fs 
e 2 i A 
e s * s 
. e ae « 
je e a a 
e 2 ‘é = 
e e a = 
e o ia iz 
FILM MOTION FILM MOTION 
TIME BASE & SCOPE SWEEP 


Continuous-motion photography employing 
5. combination of film motion and oscilloscope 
sweep as a time base. 


It's only reasonable that you should expect the oscilloscope camera you buy 
to record what you see on an oscilloscope screen during any period. But can 
it be expected to do any more? We think so. 


For example, did you know that the Fairchild Oscillo-Record Camera—our 
idea of the most versatile 35-millimeter oscilloscope camera now available— 
can GREATLY EXTEND THE USEFULNESS OF YOUR OSCILLOSCOPE? 


As you know, many non-recurring phenomena occur too rapidly to permit 
adequate visual study. Others occur so slowly that continuity is lost. Some- 
times you have combinations of very slow-speed phenomena and occasional 
high-speed transients. In any one of these cases, the Fairchild Oscillo-Record 
Camera will take over where your eye and the oscilloscope leave off. 


This extremely versatile instrument is now being used daily by many 
hundreds of engineers in widely diver- ; 
gent fields. For an idea of what it can 
do for you, study the five scope images 
and recordings illustrated at left. Each 
solves a particular problem. 


Oscillo-Record users especially like 
its: 
CONTINUOUSLY VARIABLE SPEED CONTROL — 
1 in./min. to 3600 in./min. 


TOP OF SCOPE MOUNTING that leaves con- 
trols easily accessible. 


PROVISION FOR 3 LENGTHS OF FILM— 100, 
FAIRCHILD OSCILLO-RECORD CAMERA — 1. 
camera, 2. periscope, 3. electronic control 


400, or 1000 feet. 
° ° . unit. Available accessories include external 
For more data write Fairchild Cam- 450’ ond 1000 foot magaziiesaieunzine 


era Instrument Corp. 88-06 Van Wyck adaptor and motor, universal mount for cam- 
5 era and periscope, binocular split-beam 


Blvd., Jamaica 1, N. Y. Dept. 120-16E1. viewer. 


VALUABLE RECORDS FOR IMMEDIATE EVALUATION 
The Fairchild-Polaroid® Oscilloscope Camera produces a photographic print in a minute 


Valuable but inexpensive oscillograms for immediate evaluation; automatic one- 
minute processing without a darkroom; a set up time of two minutes or less—they’re 
just three of the many advantages that are yours when you use the Fairchild-Polaroid 
Oscilloscope Camera. Wherever individual exposures meet your recording require- 
ments—where you'd like to have permanent records of the traces youre now sketching 
or carrying in your memory, this is the camera that can bring new speed, ease and 
economy to your job. Prints are 3%4x4¥4 and each records two traces exactly one-half 
life size. Write today for details. 


A minute 
after 
you’ve pulled 
the tab 
a finished print 
is ready 
for evaluation 


—fAIRGHILD 


pa ll leet te RECORDING CAMERAS 
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wHEN YOU nee 
SPARE PARTS BOXES TRANSFORMERS 


* Made to Army-Navy specifications —Jan-B-233, amend- 
ment — 2 — Mar. 10, 1950, Army No. 65-15. Navy No. 
42B9C, Army green, Navy grey. Immediate Delivery. 


[Number 
1025- 1 
1025- 2 
1025- 3 
1025- 4 “4 
1025- 5 


‘1 1025- 6 T 0 


ioe 8 INCREASE VOLTAGE 


1025- 9 
1025-10 
1025-11 
1025-12 


1025-13 2 E 3 
1025-15 DECREAS VO LTAG 
1025-16 : 

1025-17 ; 
1025-18 } 
1025-19 


SSE STABILIZE VOLTAGE 


1025-14 
1025-22 
1025-21 
1025-24 


REGULATE VOLTAGE 


SEND... 


.«-YOUR PROBLEM 
to TRANSFORMER 
7 noes!) HEADQUARTERS 


the famous 
wT 
Cole steel ACME ELECTRIC CORPORATION 
2 ¥ 2212 WATER ST. CUBA, N. Y! 
office equipmen Acme Electric manufactures Luminous Tube Transformers — Fluores- 


cent Lamp Ballasts — Cold Cathode Lighting Transformers andi 
Ballasts — Radio and Television Transformers — Electronic Transfor- 
mers — Door Bell, Chime and Signalling Transformers — Oil Burnes 
Ignition Transformers — Safety Transformers —- Voltage Regulating 
Transformers — Stepdown Transformers — Control Transformers — 
Warp-stop Transformers — Air Cooled Power Transformers: 


‘ 


STEEL EQUIPMENT COMPANY 


285 Madison Ave., New York 17,N.Y. Factory: York, Pa. 
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— SECTION gives maximum 
= strength_and resistance 


to impact. make hof- 


tieing easy and quick. 


plus smooth, hard glaze 
give unsurpassed self- 
cleaning characteris- 
tics—ideal for con- 
tominated areas. 


conserves current, 
helps maintain 
rated voltage, and 
minimizes outages. 


is indi- 
vidually inspected at every 
point of manufacture. 


| For come 
plete engineering data on this insulator and other sizes 
and types, write today fer Bulletin No. 4, 


provides highest dielectric 
and physical strength. 


These are only a few of the reasons why Victor Low Voltage 
Pintype Insulators are famous for performance and economy. 
They last longer—give extra years of service—cut line mainte- 
nance costs to a minimum. Power men everywhere prefer 
Victor Pintypes! 


rocess porcela 


+ wet P 
Teele at Victor in 18 


ced 

were produ an 

| f our skilled craftsmen ha 
ae porcelain insulators 


\ Lae over 40 years: \ PINTYP E IN 


VICTOR INSULATORS, INC. victor, N. Y. 


93. {In fact, 
n making 
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How many devices do you know of that use an amplifier to boost 


a feeble input signal up to where it will operate a relay? Most of 
. more compact .. . more eco- 


them would be more reliable . . 

nomical—if the amplifier could be omitted. 
It can be omitted! For rugged Weston Sensitrol Relays operate 0 sensitive that they operate di- 
reliably on input signals as slight as 1 méllivolt or 12 micro- _ rect on the output of a photo-elec- 
tric cell or thermocouple, Sensitrol 


ampere, handle substantial wattage at 110 volts! They require 
relays enable the instrument engi- 
neer to dispense with amplifiers, 


no power for excitation. 
Engineering assistance is freely offered to help you adapt these —_ vacuum tubes and auxiliary power 
Sensitrol Relays to present products, or any new problems you _‘¥PPlies. Single or double con- 
may have in mind. Simply consult your nearest Weston Repre- ee pia Miiena inca 
sentative, or write Weston Electrical Instrument Corporation,  , covyaph BellatiahB-25B sehen 


A Type for Every Need 


590 Frelinghuysen Avenue, Newark 5, New Jersey... manu- gives detailed data on Sensitrol 
and other Weston relays. 


facturers of Weston and TAGliabue instruments. 


WESTON Ssdhdmendy 
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One of several 115-kv oil circuit break- 
ers supplied to a large Western system by 
the Pacific Electric Mfg. Corporation. Ac- 
cording to its builder ... “each entrance 
bushing of this circuit breaker is mounted 
on an adapter flange which has a spher- 
ical-ring undersurface that rests upon a 


4147-H 


similar surface of the transformer-pocket 
flange. This greatly facilitates field instal- 
lation of the bushings and contact struc- 
tures attached to them because selective 
tightening of the flange bolts will shift the 
bottom of the bushing to any desired posi- 
tion. Other Pacific Electric features in- 
clude closing by stored energy in motor- 
compressed springs, improved arc extin- 
guishment,” ... And 


O-B BUSHINGS 


ONE OF THE FINEST COMPONENTS 


OF ANY CIRCUIT BREAKER 
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HOW THREE COMPANIES 
IMPROVED ELECTRICAL TESTING 


: ‘hey | 
SERVICE SHOP: ‘We are now able to test for in- MOTOR MFG: “Our motors get a complete test on 
sulation faults between coils and turns, as well as impedance, turn balance, and insulation : .. in a 
between coils and ground, and the Winding Insula- hurry ... we test thousands of motors per week,” 
tion Tester is light enough to take on repair jobs in says G-E refrigerator motor plant, Ft. Wayne, Indiana, 


the field,’ reports the Test Dept., 153rd St. Shops 


of Consolidated Edison Co. New York, N. Y. 


General Electric’s Winding Insulation Tester Will: 


@ Indicate shorts; stress insulation between coils, 
between turns, and between coils and ground. 


@ Simulate in-service voltage surges. 


+ 


@ Detect reversed coils and phases. 


The Winding Insulation Tester performs most all’ 
required electrical tests, over a wide range of equip-: 
ment rated up to 2000 hp, 2300 v. In some cases it. 
has been used exclusively for routine production- 
line testing. J 


If you are looking for a way to increase the speed: 
and effectiveness of*your electrical testing, investi- 
gate the new G-E Winding Insulation Testers. 


ya 


GENERATOR MFG: “The new tester picks up faults 
with only one connection. It is easy to operate and 
all testing can be done with the flip of a switch,” 
says this large mid-western generator manufacturer. 


Write for bulletins GEC-794 & GEC-321 to: 
General Electric Company, Sect. 687-82, 
Schenectady, N. Y. 


~ 


GENERAL @@ ELECTRIC 
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WITH THESE Brash INSTRUMENTS 


COMBINATION MAGNETIC OSCILLOGRAPH 


The Model BL-221 Single Channel Magnetic Combination Oscillograph is 
similar to the Model BL-201 unit, except that circuit changes have been 
made to permit use of either a standard inking pen or an electric stylus. 
Magnetic penmotor Model BL-943 is used on the BL-221 Oscillograph and 
includes the proper connections for use of the electric stylus. A Power 
Supply, Model BL-944, furnishes voltage for the electric stylus operation. 
A switch on the front panel of the Power Supply permits the operator to 
increase the stylus voltage when recording high frequency phenomena. The 
main switch opens circuit to Power Supply to eliminate the possibility of 
receiving electric shock when handling stylus. Instruments are supplied 
with a standard pen and inkwell as well as the electric stylus. The Model 
BL-222 Double Channel Oscillograph (shown in illustration) is supplied 
on the same chassis as the BL-221. 


MODEL BL-103 
SURFACE ANALYZER 


eseessietontnauneaoerate aaitsate 


BL-932 D-C AMPLIFIER 


Designed for use with 
the Brush Magnetic 
Direct Inking Oscillo- 
graph, and used to make 
recordings of many types 
of phenomena heretofore 
measured only with the 
aid of complicated inter- 
mediate equipment. 
Studies of such static or 
dynamic conditions as 
strains, displacements, 
pressures, light intensi- 
ties, temperatures, d-c 
and a-c voltages or cur- 


rents, and many others, 
are simplified by the use 
of the Brush Direct Ink- 
ing Oscillograph with the 
BL-932 Amplifier. Volt- 
age gain is sufficient to 
give one chart mm deflec- 
tion per millivolt input. 
Novel design features 
reduce the effects of power line fluctuation. Zero signal drift amounts to 
mot more than one chart mm per hour. Frequency response is essentially 
uniform from d-c to 100 cycles per second. The control panel at the front 
of the amplifier contains a factor-of-10 attenuator, gain control, calibrating 


For exploration and instantaneous charting of surface finishes—metals, glass, 
plastics, paper, plated and painted surfaces from less than 1 to 5000 micro- 
inches. Complete with PA-2 Pickup Arm, Drive Head, Amplifier, Magnetic 
Oscillograph, Surface Plate, Carrying Cases, Glass Calibration Standard, 
2 V-Blocks, 6 rolls Chart Paper, one 2 oz. bottle Red Ink, connecting 
cords and operating instructions. Brush RMS METER: “average reading” 
type calibrated in terms of the “RMS” of an equivalent sine wave. It 
provides a constant visual check of “RMS” surface roughness in cases 
where “hill and dale” chart profiles are not needed. Large illuminated dial 
is set at am easy reading angle. “RMS” Meter may be purchased separately 
or with the Surface Analyzer, 


meter, and eee i cleetor daa a iapats oer A balances potentio- 
meter is provided for electrically biasing the oscillograph pen to any posi- 
tion on the chart. UNIVERSAL STRAIN ANALYZER 

The BL-320 Universal Strain Analyzer, when used with the Brush Magnetic 
Direct Inking Oscillograph, provides a complete package unit for the 
measurement of strain or other phenomenon where a resistance sensitive 
pickup is employed. It can be simply operated, producing records which 
are immediately available and easily interpreted. This combination equip- 
ment records either static or dynamic strains up to 100 cps, and direction 
as well as magnitude of the measured strain can be read from the chart, 
Connections are brought out so that one to four active gages may be used. 
Provision is made for connecting an internal calibrating resistor in the 
bridge circui* and adjusting the overall gain. 


Write for complete details. 


THE 6204 DEVELOPMENT COMPANY 
DEPT. L-1, 3405 PERKINS AVENUE « CLEVELAND 14, OHIO, U.S.A. 


Canadian Representatives: 
A.C. Wickman (Canada) Limited, P.O. Box 9, Station N, Toronto 14, Ontario 


EWTN Con coriling with a 
|) ESOT 
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The inside story about Moloney HiperCore Trans- 
formers is centered around the material used in the 
cores. By using highly efficient oriented silicon steel 
it is possible to work the cores at higher flux densi- 
ties than formerly. With the ¢ofa/ flux requirements 
remaining practically unchanged, working the ori- 
ented steel at higher densities than practical with 
ordinary silicon steel, results in smaller cross-sec- 
tional areas of cores with a consequent 
reduction in weights. 


q The smaller cores permit the use of 
- aa | smaller windings, smaller tanks and 
| less oil. This results in lighter weight 

. and smaller transformers which are eas- 


Testing voltage ratios 
tings, to make certain 


connected to proper studs, 
Connections are correct, 


at various tapchanger set- 
that tap leads have been 


and that inter-coil 


lhe inside story about 


DISTRIBUTION 
i 
; 
q 


f 7 


TRANSFORMERS 


ier to install and handle ~ 
generally, and take up less 
space on the poles. Reduc- 
tions in size and weight ~ 
have been made without 
sacrifice in all-around per- 
formance. In fact, Hiper-><-__>>) >. -. nnn 


Core Transformer operating characteristics ate 
better . . . voltage regulation has been improved 
... greater short-time overloads can be carried. 


— 


St CoMDARY WELTAGE CURVE 
© AWA 1780 VOLE TRAUyVeeRCE 
ES EO FOmLE (aCiPE 


| 


ee 


Illustrated are a few of the operations involved iri 
the manufacture of HiperCore Transformers indil 
cating the careful attention given to every detail ini 
order to assure unexcelled on-the-job performance 


ME49-1 
* 


Placing core-and-coil assemblies in tanks ga 

they have Passed through oven which renin 

a moisture which may have been absorbed frc ; 
€ air, and also cures adhesive on core faces. 


UNIQUE COMBINATION OF PROPERTIES 


NEW DU PONT TEFLON -., 


ytetrafluoroethylene 


TRADE MARK 


for electronic insulation... 


suggests many opportunities 
for improved design 


Extremely low loss characteristics 
High dielectric strength 

Exceptionally high arc resistance 
High- and low-temperature resistance 


Outstanding solvent and chemical resistance 


COATED GLASS FABRICS, TAPES AND LAMINATES 


Made of woven glass coated with tough Du Pont 
“Teflon,” these new products are expected to find many 
uses in the electrical industry because of their unusual 
combination of valuable properties. For insulation in 
motors and generators, transformers and coils, special 
cable constructions and high-frequency electronic appli- 
cations, ‘“Teflon’” Coated Glass Fabrics provide insu- 
lation meeting Class H requirements. 


The table below shows electrical properties of typical 
single-ply ‘“Tefion’’ Coated Glass Fabrics. 


3 MIL 5 MIL 


Dielectric strength, short time, volts/mil. >500 >500 
Surface arc resistance, sec. ........... >240 >240 
Dielectric constant, 60 to 100,000 cycles 2.8 3.0 


Power factor, 60 to 100,000 cycles 0.0006 


Volume resistivity, ohm-cm., room 
conditions : 5x10" 5x10" 


Insulation resistance, ohms 
(96 hrs. at 90% R.H., 35° LS) Keen 108 108 


High- and low-temperature resistance adds to the use- 
fulness of these new Du Pont insulating materials. They 
may be used continuously at 200° C. or for shorter 
periods at 250° C., or at somewhat higher temperatures 
depending upon the time cycle. And, under normal con- 
ditions, they remain flexible at -87.5° C. 


Excellent physical and chemical properties help make 


Du Pont “Teflon” Coated Glass Fabrics unusually ver- 
satile. Creasing, either parallel to fibers or diagonally, 
does not result in loss of good electrical properties . . . 
heat sealing can be accomplished at 750° F. 


Although at the present time “Teflon” products are 
subject to allocation by the National Production Au- 
thority, you can now obtain “Teflon” Coated Glass 
Fabrics, Tapes and Laminates in limited quantities for 
experimental purposes. A standard line of single-ply 
materials and of laminates is available. For additional 
information, fill out and mail the coupon below. 


REG. U.S. PAT. OFF. 
BETTER THINGS FOR BETTER LIVING... THROUGH CHEMISTRY 


E. I. du Pont de Nemours & Co. (Inc.) 
Fabrics Division, Empire State Bldg., New York 1, N. Y. 


| : 
l : 
| : 
| Please send me more data on “‘Tefion” Coated Glass Fabrics. | 
| | 
l | 
| Name. | 
| | 
| Title 

| | 
| | 
| Address. ; 
ee —_—_— ow a ee ee ee eS ee ee — ee J 
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Over Eight 
Million 


Horsepower 


mnie pera er amma saree ee | 


The Newport News Shipbuilding 
and Dry Dock Company has re- 
ceived orders for the building of 
hydraulic turbines aggregating an 
output of 8,150,000 horsepower. 


Left: Runner for the Buggs Island De- 
velopment 


; ies . Below: Assembly of spiral casings for 
.. &. b. ;: Se rae the ¢ 2 I Stri D | , 
< 45o00 cry 24002 Supe a J ke 


NEWPORT NEWS 
SHIPBUILDING AND DRY DOCK COMPANY 
Newport News, Virginia 
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Are you hiding your 

Professional Talents 
under the 
proverbial 


bushel basket? = 


BILLIONS will be spent in the next few years to gear industry for the 
big iob ahead of us. 


f 
/ 


It would be almost impossible to accomplish this great task without 
THE ELECTRICAL ENGINEER 


Are you hiding your talents under thet proverbial bushel basket? Or 
are you ready to step out with the leading men of your profession end 
let the World know what you can do? 


USE THE PROFESSIONAL ENGINEERING DIRECTORY ‘ 


The 


Professional 
Engineering 
Directory 


Will carry your message direct 

to more than 50,000 readers, 
engineers, and key men in the 
industrial world. 


Send in Your order today for a 
professional engineering directory card 


USE COUPON : : : 
= Electrical Engineering 
500 5th Ave. New York 18, N. Y. 


Gentlemen: Please insert my card beginning with your next issue 


0 twelve times — in your Professional Engineering 
Directory of ELECTRICAL ENGINEERING at your rates as advertised. 
Copy attached. 
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— t the top of 
illustration © being 
ver the the coil bars a lower 


Se aa coils being 


1500-rpm- 


gave this generator 
brand-new power 


Extra flexibility was needed in this rebuilding job. When the 
generator failed it was necessary to find someone who was equipped 
to handle the specialized repairs which were required. National 

was chosen. National engineers and technicians completely redesigned 
the stator windings; the National shops produced the bar design 
low-loss Roebel transposition type coils; and a National engineer 

was right there on the ground to supervise the actual rewinding 

of the generator. The result? A stator which gives more power at a 
lower operating temperature. 


National can do the same for your motors or generators, whether 
they are special or not. Our experience and equipment are ready 
to work for you and to lower your power costs. Write or wire 
(or cable NATCOIL) today. 


Saat 
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See 
his 


ore Etticignt Power Conversion 


How you can get 95 to 97 per cent rectifying 
efficiency for electrolytic production of chemi- 
cals at 3000 amperes and up is told in I-T-E 
Bulletin 5106. 


Here is the story of the I-T-E Mechanical 
Rectifier —how it offers you direct current at 3 
lower cost; how its efficiency and economies 
in installation, operation and maintenance 
will save you money all along the line. Now 
you can plan your cell layout the way you 
want it—and get all the advantages of using 
low d-c voltages— greater safety to personnel 
—lower leakage losses to ground. 


This comprehensive 32-page bulletin is packed 
with informative charts, diagrams and illus- 
trations explaining the Mechanical Recti- 
fier’s operation. 


Bulletin 5106 is yours for the asking. Send 

for it today. I-T-E Circuit Breaker Com- 

pany, 19th and Hamilton Streets, Philadel- 
f.-phia 30, Pa. 


= 
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RESEARCH OPPORTUNITIES; Enalneedna : 
SRPMS EPS Societies Pe rso n n el Service, | n Cs y 
penings in the field of design o ; ; ; Pa 
electronic equipment are avail- e eos St. o East Rendolph St. aa ae Ave. ee 


able to MATHEMATICIANS, 
PHYSICISTS, and ENGINEERS 
at the University of Michigan’s 
Willow Run Research Center. 


PHYSICISTS and MATHE- 
MATICIANS—with Bachelor’s 
or Master’s degrees, should also 
have a working knowledge of, 
and some experience in, elec- 
tronics. Ph.D’s with electronics 
experience are especially desired. 


ENGINEERS—with experi- 
ence in circuit development and 
design on analog or digital com- 
puters, telephone switching 
equipment, or cathode ray dis- 
plays are especially desired. 


Researchers are offered the op- 
portunity to complete the re- 
quirements for graduate degrees 
while employed at the Research 
Center. Salaries are commen- 
surate with training and experi- 
ence. Applicants are invited to 
send a resume of education and 
experience to: 


Personnel Office 
University of Michigan 
Ann Arbor, Michigan 


ENGINEERS 


DEVELOPMENT. ENGINEERS 
with major training and applied 
experience in Pulse circuits, Dig- 
ital Computors, Counting cir- 
cuits or Radar. 


DESIGN ENGINEERS 
M.E. or E.E. min. of 5 yrs. de- 
sign experience plus 5 yrs. of de- 
sign engineering experience on 
Gun Fire Control mechanisms or 
automatic machines. 


DESIGN ENGINEERS E. E. 


with heavy background in ex- 
perimental work and inventive 
ability. Must be able to run a 
project to successful completion 
with the aid of designers and 
draftsmen. Minimum 10 years 
exp. in Electro-Mechanical work 
in the above field. 


OPTICAL ENGINEERS 


Must know optical theory and 
optical production methods, pref- 
erably Fire Control Optics and 
design experience on Optical In- 
struments. 


TEST ENGINEERS ...£. £. OR M. E. 
with broad experience in Electro- 
Mechanical instrument field such 
as gunfire controls, gyroscopic 
devices, computors, servos or 
synchro circuits, etc. 


Control Instrument Co., Inc. 
67 35TH ST., BROOKLYN, N. Y. 


SUBSIDIARY OF 
Burroughs Add’g Mach. Co. 


In applying for positions advertised by the Service, the 
applicent agrees, if actually placed in a position through 
the Service as a result of these advertisements, to pay a 
placement fee in accordance with the rates as listed by the 
Service. These rates have been established in order to 
maintain an efficient, non-profit personnel service and are 
available upon request. This also applies to registrants 
whose notices are placed in these columns. 


Men Available 


MGR, B.E.E.; under 40; exper in chem plant opern; 
emphasis on maint and constr, eqpmt and elec applica- 
tions. Desires pos (small) plant mgr, sales or allied 
responsibilities. E-642. 


REG PROF ENGR; 49, married; familiar elec and 
mech problems; opern, maint; generators, motors, 
distr, telephony, steam. Wide administrative, exec 
exper. Location, U.S. or foreign. E-643. 


Positions Available 


ELECTRICAL ENGINEER, graduate, with at least 
five years’ experience in the design and manufacture of 
polyphase squirrel cage induction motors, integral 
sizes to 100 HP. Must understand thoroughly the 
techniques and problems connected with pressure cast 
aluminum rotors. Salary open. Location, Ohio, Y- 
5866. 


SALES ENGINEER, electrical graduate, 30-35, with 
electronic equipment sales experience covering pulse 
circuits, computers, etc., to call on government agencies, 
control and equipment manufacturers, and industrial 
firms. Salary, $7500-$8500 a year. Location, Brook- 
lyn, N. Y. Y-6073. 


SALES ENGINEER, 24-35, for established street 
lighting manufacturer. Must have at least two years’ 
experience in Distribution Department of electric 
utility with street lighting system. Excellent oppor- 
tunity. Territory, east Pennsylvania or New Jersey; 
will trainin New England. Apply by letter giving full 
details of education, experience and salary desired in 
first letter. Y-6077. 


ELECTRICAL ENGINEER, not over 35, to head 
relay department. Should have about five years’ 
actual experience in relay work. Position is of super- 
visory nature and offers a great opportunity. Applicants 
should be from the Texas Gulf Coast area. Y-6101. 


SALES ENGINEER to handle electrical apparatus and 
supplies for power and lighting applications. Excellent 
opportunity for young man interested in learning this 
business. Location, Maryland. Y-6116. 


CHIEF ENGINEER with at least a B.S, degree, with 
at least ten years’ progressive professional achievement 
as a creative electronic engineer and capable adminis- 
trator. Must be experienced in development rather 
than pure research on the one side or straight production 
on the other, for company working in the field of applied 
research in electronics and development of electronics 
systems. Salary, $10,000 a year. Location, New 
Jersey. Y-6135. 


ELECTRONIC ENGINEERS with design experience 
on d-c and wide band amplifiers, low power pulse 
circuitry, computers, telemetering or allied fields, for 


New Hampshire 


Offers a new experience in living as 
well as working to ENGINEERS and 
DRAFTSMAN in the Electronic, Elec- 
trical, and Mechanical fields. 
gressive, rapidly expanding young concern 
needs men with design experience on 
radio, radar, control, and distribution 
Salaries open. 


equipment. 


Northeastern Engineering, Inc. Manchester, N. H. 
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Apply by letter addressed to the key number o 
mail to New York Office. When making epp 
for a position include six cents in stamps for for 
application to the employer and for returning 
necessary. A weekly bulletin of engineering 
open is available to members of the co-operating soc 
at a subscription rate of $3.50 per quarter or | 
annum, payable in advance. 


manufacturer of all types of instruments in the field 
radioactivity. Should have had complete respo 
for design of complex electronic instruments in 

facturing organization with supervision of junior 
ncot and technicians. Location, Massachusetts. 
6196. ve 


SENIOR ELECTRONIC ENGINEER, ele 
graduate, experienced in design and developm 
radar and sonar equipment and apparatus nece: 
Experience in design of UHF oscillators, ampli 
oscilloscope deflection circuits. Will work on 
rojects. Salary, $6000 a year and up. 
ee Jersey area. Y-6207(a). 


ELECTRICAL ENGINEER with five to ten yi 
experience, to take charge of electrical testing lab 
for company manufacturing wiring devices. 
be required to do some development and res 
Salary open. Location, upstate New York. Y-6. 


ELECTRICAL ENGINEER for work involving 
application of electrical equipment in various plar 


expansions. Will consider recent graduate, altho 
some experience desirable. Salary open. atior 
Ohio. Y-6237(a). é 


UTILITIES ENGINEER for laying out and revampi 
electric, steam and water distribution systems; dey 
maps and easement file; and plan for expan 
Present system is 3500 KW steam plant at 650 
automatic telephone system and water treating p 

Salary, $9000 a year. Location, Alaska. T-8152. 


ENGINEERS. (a) Welding Engineer, engineeri 
degree with at least two years’ experience in are | 
resistance welding around electronic juipm en 
Knowledge of electronic circuits. Duties will ac! { 
setting up welding standards in resistance or arc weldit 
projects and training onnel. Salary, to $7200 a 
ear. Company may help on fee. (b) Main’ 

mgineer, engineering degree, with at least five y 
experience on maintenance and repair of weld 
equipment. Knowledge of welding equipment m. 
tenance. Duties will include handling inert arc weldi 
a.c. arc welding, resistance welding, and d-c genera’ 


. 
m 


equipment. ill also handle normal electrical 1- 
tenance of manufacturing plant. Salary, to $8400 _ 


year. Company may help on fee. Location, wi 
Chicago suburb. R-8168. i 


AJ 
PRODUCTION ENGINEER, electrical, to 40, with — 
at least five years’ experience either transformer design ~ 
or production. Knowledge of Neon transformers or 
ballasts helpful. Duties will include production 
engineering, tooling, methods and processing, and 
possibly some design. Company will help on fee. — 
Should be willing to transfer out of town later. Loca- 
tion, Chicago, Illinois. R-8203(b). : a 


TEST PROCESS ENGINEER, electronic, graduate 
electrical, over 30, with five years’ experience in elec- 
tronics field. Will develop test process instructions in 


electronics field for testing department in shop. Sal a ‘ 
to $6000 a year. Location, northern Indiana. R-8292, ti 


g¢ 
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Do you want a career with a future? 


More and more of America’s outstand- 
ing engineers are carving fine careers 
for themselves at Boeing. They’ve 
found a future here in an Engineering 
Division that’s been growing steadily 
for over 35 years. 

If you measure up, there’s great 
opportunity here for you, too, and the 
rewarding experience of working on 
some of the nation’s most vital pro- 
grams such as the B-52 and B-47 jet 
bombers, guided missiles and other 
tevolutionary developments. 


You'll associate with men of the 
highest engineering renown, men who 
can help you further your own profes- 
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sional standing. You'll find here re- 
search facilities that are among the 
world’s finest. And you'll enjoy a good 
salary that grows with you. 


Needed now in Seattle are experienced and 
junior aeronautical, mechanical, electrical, elec- 
tronics, civil, acoustical, weights and tooling engineers 
for design and research; servo-mechanism designers 
and analysts; and physicists and mathematicians 
with advanced degrees. (More housing is avail- 
able in Seattle than in most other major industrial 


centers.) 


Or, if you prefer the Midwest, sim- 
ilar openings are available at the Boeing 
Wichita, Kansas, Plant. Inquiries indi- 
cating such a preference will be referred 
to the Wichita Division. 
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Write today to the address below or use 
the éonvenient coupon. 
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JOHN C. SANDERS, Staff Engineer— Personnel 
Dept. G-12 
Boeing Airplane Company, Seattle 14, Wash. 


Engineering opportunities at Boeing inter- 
est me. Please send me further information. 


Name 
Address 


City and State 
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Professional Engineering Directory 


Professional Engineering Directory Card 1” x 2” 12 times $100.00 


BLACK & VEATCH 


Consulting Engineers 


Electricity—W ater—Sewage—Industry 
Reports, Design, Supervision of Construction, 
Investigations, Valuation and Rates 


4706 Broadway Kansas City 2, Missouri 


DeLEUW, CATHER & COMPANY 
Consulting Engineers 
Transportation, Public Transit and 
Industrial Problems 


Industrial Plants—Grade Separations 
Railroads—Subways—Expressways 
Tunnels—Power Plants—Municipal Works 


150 N. Wacker Drive, CHICAGO 6, ILL. 
79 McAllister St., SAN FRANCISCO 2, Calif. 


PATENTS DESIGNS 
NOVELTY SEARCHES COPYRIGHTS 
PETER FRIES, JR., E.E. 


Registered Patent Attorney 


110 East 42nd Street 
New York 17, N. Y. 


Telephone: MUrray Hill 6-4476 


STANLEY B. HARE 
Consulting Engineer 
Electrical Design 

Commercial and Special Motors 


3479 Union Pacific Avenue 
LOS ANGELES 23, CALIF. 


LEE P. HYNES 


Consulting Engineer 
DESIGN - INVESTIGATIONS - REPORTS 
INDUSTRIAL UTP’ 


ELECTRIC HEATING - CONTROLS 
36 West End Avenue Haddonfield, N. J. 


INTERNATIONAL 
ENGINEERING COMPANY, INC. 


Engineers 
Investigations — Reports — Design 
Procurement — Field Engineering 

Domestic and Foreign 


74 New Montgomery St., 
San Francisco 5, Calif.’ 
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JACKSON & MORELAND 
ENGINEERS & CONSULTANTS 


Design and Supervision of Construction 
Reports—Examinations—Appraisals 
Machine Design—Technical Publications 


BOSTON NEW YORK 


ERVIN JOHNSON, E.E. 


REGISTERED PATENT ATTORNEY 


409 13th Street Oakland 12, Calif. 
Telephone: GLencourt 2-1900 


N. A. LOUGEE & COMPANY 
Engineers and Consultants 


REPORTS—APPRAISALS—DEPRECIATION 
STUDIES—RATE CASES—BUSINESS 
AND ECONOMIC STUDIES 


120 Broadway New York 


MEASUREMENTS CORP. 


RESEARCH & MANUFACTURING 
ENGINEERS 


Harry W. Houck Jerry B. Minter 
~ John M. van Beuren 


Specialists in the Design and 
Development of Electronic Test Instruments 


BOONTON, N. J. 


Roland R. Miner Lottye E. Miner 
ember AIEE Associate AIEE 


MINER & MINER 
Consulting Engineers 
Design-Development-Investigations 
Valuations 


Experience in the utility, industrial and 
appliance manufacturing fields 
1825 Tenth Avenue Greeley, Colorado 


Eugene Mittelmann, E.E., Ph.D. 
Consulting Engineer & Physicist 
High yeirrey! Heating-Industrial Electronics 


Physics and Mathematics 


549 W. Washington Blvd. 
tat 


Chicago 6, Ill. 
State 2-8021 


Consult 
Z. H. POLACHEK 


Registered Patent Attorney 


1234 BROADWAY 
(At 31st St.) 


New York 1, N. Y. 
PHONE: 
LO. 5-3066 


SANDERSON & PORTER 
ENGINEERS 


AND 
CONSTRUCTORS 
NEW YORK e CHICAGO e SAN FRANCISCO 


SARGENT & LUNDY 
ENGINEERS 
140 South Dearborn Street 
CHICAGO, ILLINOIS 


SKINNER, HARLAN AND IRELAND 
INCORPORATED 


Specializing in Magnetic Materials 
and Their Application 


Office and Laboratory Indianapolis 7, Ind. 


Speed Control and Servomechanisms 


LEV A. TROFIMOV M. S. CASE 
Consulting Engineer & Physicist 


Twenty-five years’ experience in the 
speed control field. Specifications, 
reports, research, development, design. 


Hanna Road Phone 
Willoughby, Ohio Willoughby 2-2931 


THE J. G. WHITE 
Engineering Corporation 


Design—Construction—Reports— 
Appraisals 


80 BROAD STREET 


NEW YORK 
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Electrical » Electronics 
Electro-Mechanism 


Engineers 


WANTED AT ONCE 


LONG-RANGE MILITARY 
AIRCRAFT PROGRAM 


by 
NORTH AMERICAN 
AVIATION, INC. 


LOS ANGELES, CALIFORNIA 
COLUMBUS, OHIO 


Unusual opportunities for engi- 
neers qualified in the fields of: 


® System Design 
® Circuit Development 


@ Equipment Specification 
Requirements 


® Radar InstalJation Design 
® Computers 
® Electrical Load Analyses 


@ Communication Equip- 
ment 


® Actuators 


e@ A.C. and D.C. Power Sys- 
tems 


® Instrument Installation - 
Design 

Also Openings for Recent College 
and Technological Graduates 


Long-range military program 
offers fine chance for establish- 
ing career in aircraft while aid- 
ing defense effort. Transporta- 
tion to California and estab- 
lished training time paid. Sal- 
aries commensurate with ex- 
perience and ability. 


Please include summary of edu- 
cation and experienceinreply to: 


Engineering Personnel Office 
Section 6 


NORTH AMERICAN 
AVIATION, INC. 


Los Angeles International Airport 
Los Angeles 45, Calif. 
or Columbus 16, Ohio 
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AC SPARK PLUG 
DIVISION 
of 
GENERAL MOTORS 
CORPORATION | 


Positions now available for 
highest caliber personnel in 
the field of airborne auto- 
matic electro - mechanical 
control equipment. 


MECHANICAL DESIGN 
ENGINEERS 


ELECTRONIC 
ENGINEERS 


JUNIOR ENGINEERS 


SERVO ENGINEERS 


New and expanding di- 
vision of an established firm 
with 20 years of successful 
experience in the instru- 
ment field. Work involved 
deals with the manufacture 
and development of highly 
complex equipment of the 
most advanced type. 


Write or apply to: 


AC SPARK PLUG DIVISION 


GENERAL MOTORS 


CORPORATION 


1925 E. Kenilworth Place 
Milwaukee 2, Wisconsin 


SENIOR ELECTRONICS 
SYSTEMS EN 


é4 A better job, a better life, a better 
s@ can be yours in California—at Lockheed Air- 
‘ eraft Corporation. 

% On the job, you enjoy increased pay; fine, 


= 
a: ty ae 2» BOIL A * po IS ae Eee os 
NSB Re Pee Oe OS Ee a Nee tad 2s. 


Housing conditions are excellent in the Los 
Angeles area. More than 35,000 rental units 4 
are available. Thousands of new homes for 
ownership have been built since the end of #& 
World War II; huge tracts are under construc- 


f 
4 
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ao 


future 


Tyee 2 


modern working conditions; association with 
= top men in your profession—men who have 
$3 helped build Lockheed’s reputation for lead- 


se ership. 

a Off the job, you live in a climate beyond 
“= compare —where outdoor living can be en- 
f= joyed the year around. 


In addition, Lockheed’s production rate 


fs and backlog of orders—for commercial as 


@ well as military aircraft—insures your future. 


REQUIREMENTS: 


1. An M.S. or Ph.D. in Electrical Engineering 
or Physics. 


2. A minimum of three years’ experience in & 
advanced electronic systems development, 
including radar microwave techniques, servo- #: 


mechanisms, computers and fire control. 


3 Familiarity with airborne electronics equip- §& 


ment requirements. es 
NOTE TO MEN WITH FAMILIES: : 


tion near Lockheed. 


Send today for free, illustrated brochure de- eg 
scribing life and work at Lockheed in South- «9 
ern California, De 


se See TA ag EI FRO TROINS BN 
BD Se aves face as Re ge OS 


Pre ea 


ee Mr. M. V. Mattson, Employment Manager Dept. EE-12 


‘ 


sLOCKHEED 


. AIRCRAFT CORPORATION, Burbank, California 
A Please send me your free illustrated booklet de- 
reg scribing life and work at Lockheed. 


aaMy name 


4 


©; My occupation 


=. 
# 
wl: 


& My address 


@ My city and state : 
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ENGINEERS 
DESIGNERS 
PHYSICISTS 


Me Aerophysics and Atomic 

Energy Research Division of 
North American Aviation, Inc. 
offers unparalleled opportuni- 
ties in research development, 
Design and Test Work in the 
fields of Long Range Guided 
Missiles, Automatic Flight and 
Fire Control Equipment, and 
Atomic Energy. Well-qualified 
engineers, designers, and physi- 
cists urgently needed for all 
phases of work in 


Supersonic Aerodynamics 
Preliminary Design and Analysis 
Electronics 
Electro-Mechanical Devices 
Instrumentation 
Flight Test 
Navigation Equipment 
Controls 
Servos 
Rocket Motors 
Propulsion Systems 
Thermodynamics 
Airframe Design 
Stress and Structures 


@ 
Salaries commensurate with 
training and experience. 
Excellent working conditions. 
Finest facilities and equipment. 


Outstanding opportunities for 
advancement. 


WRITE NOW—Give complete 
résumé of education, back- 
ground and experience. 


PERSONNEL DEPARTMENT 


Aerophysics and Atomic Energy 
Research Division 


NORTH AMERICAN 
AVIATION, INC. 


12214 LAKEWOOD BLVD. 
DOWNEY, CALIFORNIA 


Please mention ELECTRICAL ENGINEERING when writing to advertisers 


BY BELL 


, Supersonic Aircraft (X-1) 


Aircraft to Vary 
Wing Sweepback 
in Flight (X-5) 
; Jet-Propelled Fighter in 
CEP SREB 
F . Commercially Licensed 
Helicopter 


If You’re Interested 
in Yourself —We’re 
Interested in YOU! 


You may think this an unusual attitude for 
an employer to take, but the fact is, “self- 
interest” is often overlooked and even con- 
sidered undesirable by some employers. 
But here at Honeywell, we believe self- 
interest is healthy for our employees and for 
this company. And we back up our belief 
not only with money, security and the usual ' 
“fringe benefits,” but also by giving people , 


satisfying, challenging work and opportunity 
for advancement NOW —not tomorrow or 
next year. 
Consider the self-interested engineer. He 
wants always to use the latest in electronic 
and engineering techniques. He wants to 
work at his full creative capacity. He wants 
to show more than just a fraction of his 
actual potential. Because he knows that in 
this kind of position lies his best opportu- 
nity to further his career. 
So—here at Honeywell—we take great care 
to put a self-interested engineer in his proper 
field—research, development or design. We 
let him loose in basic research. Or we give 
him meaty problems in electronics and 
electro-mechanical devices. We let him tear 


to accept the challenge of de- 
velopment work in... 


LONG RANGE 


PROGRAMS into gyro, servo-mechanism, relay, heat trans- 
fer, electrical contact phenomena or aero- __ 
oa elasticity. In other words—we give him the 
GUIDED MISSILES work he wants and needs to do. : 
AIR-BORNE Yes, Honeywell goes for sel#interested 


engineers. We want them when we find 
them and we keep them when we get them. 


ELECTRONIC EQUIP’T 
ROCKET ENGINES 
HELICOPTERS 
CONVERTIPLANES 


If this kind of thinking appeals to you, 
the chances are you'll be mighty valuable 
to yourself and to us by working at 
Honeywell. Why not start right now to 
do something about it? Depending on 
the location you prefer, write to H. D. 
Elverum, Personnel Department EE-2, 
Minneapolis 8, Minn. or W. Reiterman, 
Personnel Department EE-2, Philadelphia 
44, Pa., giving your qualifications and 
experience. Your letter will be held in 
the strictest confidence, of course. 


Scientific or engineering degree 
and extensive technical experi- 
ence required. 


INQUIRE Now! 


Manager, Engineering Personnel 


BELL “2-44 


Honeywell | 
7 Fiat wwe Control 


P.O. BOX | BUFFALO 5, N.Y. 
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PARTICIPATE in the IMPORTANT 
COMMUNICATIONS INDUSTRY 


SS 

SS 
S$ 
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@ 

. MICROWAVE . . 
Develop assembly & test methods for radio 

e relay equipment. Experienced in perform- 

e ance of amplifiers, modulators, filters, & 
cavities operating at ultra high frequencies. 


FILTERS & NETWORKS... 


Develop methods of manufacture. 


TEST .. 
Develop test facilities used in manufacture 
of communications and television trans- 
mission equipment. Basic knowledge of 


@ 
e 
e@ 
e 
® 
 @ transmission theory required. 
2 Write Dept. EE giving details of qualifica- 
e tions, experience and salary expected, or 
) 
® 
@ 
@ 


APPLY IN PERSON 
EMPLOYMENT DEPARTMENT 
Monday through Saturday, 8:30 AM to 3 PM 


Bring in proof of citizenship 
and your Social Security card. 
Veterans should present discharge papers 


m WESTERN ELECTRIC COMPANY 
a 100 Central Ave., South Kearny, N. J. 
@ 


w 
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PHYSICISTS and 
SENIOR RESEARCH ENGINEERS 


POSITIONS NOW OPEN 


Senior Engineers and Physicists having out- 
standing academic background and experience 


in the fields of: 


® Microwave Techniques 
® Moving Target Indication 
© Servomechanisms 
© Applied Physics 
® Gyroscopic Equipment 
© Electronic Subminiaturization 
© Optical Equipment © Test Equipment 
® Computors @ Automatic Production Equipment 
© Pulse Techniques @ Electronic Design 
® Radar ® Flight Test Instrumentation 
are offered excellent working conditions and 
Opportunities for advancement in our Aero- 
physics Laboratory. Salaries are commensurate 
with ability, experience and background. Send 
information as to age, education, experience 


and work preference to: 
NORTH AMERICAN AVIATION, INC. 
AEROPHYSICS LABORATORY 
BOX NO. L-4 
12214 South Lakewood Boulevard, Downey, Calif. 


@ Fire Control 

® Circuit Analysis 

® Autopilot Design 

© Applied Mathematics 
© Instrument Design 


CAREER OPPORTUNITY FOR 
ELECTRICAL ENGINEERS 


Work in Southern California 


Positions are open in the engineering and design of complete 
oil refineries and chemical plants. Our expanding workload 


presents opportunities for advancement. 
Prefer men with a degree in Electrical Engineering Experi- 
ighting, use of 


ence should be in industrial power-distribution, lightin 
explosion-proof fittings, and industrial wiring 


Please send a detailed summary of your education, experience, 
and personal history to our Personnel Department. Also in- 
clude a recent photo of yourself. All replies will be kept 


confidential. 


Engineers 


DECEMBER 1951 


Cc F BRAUN & CO 
Fabricators 
1000 South Fremont Avenue 


Constructors Consultants 
Alhambra, California 
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CLASSIFIED ADVERTISING 


For help and situations wanted, $1.00 per line. 
Sale and purchase of used machinery, etc., 
_ $1.50 per line, minimum 5 lines, maximum 30 
lines, not available to dealers. Address orders 
to: Classified Section, ELECTRICAL ENGI- 
NEERING, 500 Fifth Avenue, New York 36, N. Y. 


Positions Open 


SOUTHEASTERN UNIVERSITY needs teaching and 
research personnel in the field of electronics and radio. 
Salaries will be commensurate with those paid in 
industry at the present time. Write Box 177, ELEC- 
TRICAL ENGINEERING, 500 Fifth Avenue, New 
York 36, N. Y. 


ELECTRICAL ENGINEER—For research and de- 
velopment work in New York firm. Minimum re- 
quirement M.S. in E.E. or equivalent. Investigatory 
work on low voltage switchgear, circuit breakers, and 
related equipment. Salary open. Address: Box 215, 
ELECTRICAL ENGINEERING, 500 Fifth Avenue, 
New York 36, N. Y. 


GRADUATE ELECTRICAL ENGINEER wanted 
to join limited engineering group of electrical cable 
manufacturer. Position does not require prior ex~ 
perience in industry but does require an interest in 
working on a yariety of projects including product 
research and development, manufacturing problems, 
and application engineering. Either power or com- 
munications training is appropriate. Some travel 
within United States on special problems. Location 
Connecticut. Good living conditions locally. Address: 
Box 216, ELECTRICAL ENGINEERING, 500 Fifth 
Avenue, New York 36, N. Y. 


SENIOR ELECTRONIC ENGINEER—At least three 
(3) years post college experience in development, DC 
amplifier, digital computers, pulse and servo design. 
Established company, New York City. Write EE 1711, 
221 W. 41 St., New York City 18. 


HEAD OF ELECTRICAL ENGINEERING DE- 
PARTMENT. Prefer PhD in E.E. although MS 
acceptable. Applicant should be specialist in elec- 
tronics with some industrial experience. Beginning 
salary $5000-$6000 for eleven months service per year. 
This is entrance range and not top salary for such a 
position here. Applicant can be hired any mutually 
agreeable time now. Applicant should send outline of 


Endicott, N. Y. 


Development 
Engineers 


With Several Years Design Experience 
or Advanced Degrees 


for Permanent Positions with 


TRADE MARK 


Fields of Electronics, Circuitry, 
Mechanisms and Micro-Waves 


Excellent working and living conditions, good 
salaries, exceptional employee benefits. 

Write, giving full details, including education 
and experience to: Mr. R. H. Austin, Personnel 
Director, International Business Machines, 
1722 North Street, Endicott, N. Y. 


INTERVIEWS ARRANGED IN YOUR CITY 


education, experience, references, etc, direct to Dean 
of Engineering, Colorado Agricultural and Mechanical 
College, Fort Collins, Colorado. 


TWO SALES ENGINEERS wanted by large midwest 
electric utility. One with mechanical or electrical 
engineering background qualified for duties of power 
sales engineer. One with some engineering background 
to work on industrial development. ast 
qualified to deal with industrial executives. Positions 
are permanent and salaried and would involve only 
occasional traveling. Give complete background and 
salary expected in your ad to Box No. 217, ELEC- 
TRICAL ENGINEERING, 500 Fifth Avenue, New 
York 36, N. Y. 


ELECTRICAL DESIGN ENGINEER, _ recent 
graduate, experience not necessary, for small, well 
established manufacturer of transformers. Address: 
Box 218, ELECTRICAL ENGINEERING, 500 Fifth 
Avenue, New York 36, N. Y. 


MASSACHUSETTS INSTITUTE OF TECH- 
NOLOGY’S Digital Computer Laboratory of the 
Department of Electrical Engineering has staff openings 
for research and development engineers, physicists, and 
mathematicians, either with or without experience, for 
work involving logical design, theoretical analysis, 
component and circuit research and development 
(including work on transistors, ferromagnetic and ferro- 
electric memory cells, magnetic drums, transmission 
of coded information, and analogdigital conversion). 
Persons transferring from other fields to acquire ex- 
perience in digital computers for engineering and 
military uses are encouraged to apply and may come 
on leave of absence from their permanent organizations. 
Position carries opportunity for academic study. Salary 
appropriate to candidate’s experience and training. 
Address: Digital Computer Laboratory, MIT, 211 
Massachusetts Avenue, Cambridge 39, Mass. 


GENERAL ENGINEER—ELECTRICAL GRAD- 
UATE—Experienced in apps en of relays, control, 
and power apparatus to Central Stations and Sub- 
stations by established consulting organization for work 
in a continuing program of plant expansion for foreign 
public utility companies. Applicants should be capable 
of making short circuit, stability, calculating board 
studies, as well as doing a limited amount of estimating 
and design work and specification writing for related 
electrical equipment. Permanent position, location 
New York, inited foreign travel. Attractive salary. 
Splendid opportunity for right man, Reply, stating 
age and fullest detail of qualifications and experience. 
Address: Box 220, ELECTRICAL ENGINEERING, 
500 Fifth Avenue, New York 36, N. Y. 


ENGINEERS are needed for all branches of engineering 
including Aeronautical, Civil, Electrical, Electronics, 
Mechanical, Naval Architecture, Petroleum, etc. 
Positions are open in the Bureau of Standards and 
Civil Aeronautics Administration of the Department 


Poughkeepsie, N. Y. 
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Both men must be ~ 


of Commerce, the Department of the Interior 
Federal Power Commission, the Navy Dep 
the Department of the Army, the Department 
Air Force, and other Pederat agencies, eni 
located in Washington, D. C., Alexandria, Va., 
ton County, Va., and Montgomery and Prince 
Counties, Md. Salaries range from $3,100 to $10, 
a year, depending upon grade assigned. The 
includes such functions as (1) The design, developmen; 
or preparation of specifications for machines, equ 
ower plants, and communication or transporte 
‘acilities, involving applications of theoretical 
applied mechanics, and a knowledge of the stren 
and properties of materials; (2) Original researc 
one or more branches of engineering, developin 
neering applications of physical and other s 
principles; (3) Engineering phases of mapping 
ties, such as land and hy pograpaie surveys, an 
application of engineering techniques to map p 
tion; (4) Evaluation, investigation, or survey of 
neering projects, structures, devices, or services. 
difficulty of the work performed, responsibility assu 
and the extent of supervision exercised will vary 
the grade of the position, increasing progressively in 
higher grades. To apply for these positions, file sta 
form 57, which may be obtained from the Un 
States Civil Service Commission, Washington 25, D. 


ELECTRICAL ENGINEERING GRADUATE, 
experience, and with ability to devise controls for w; 
conditioning processes. Permanent position, locat 
New York City. The Permutit Company, 330 
42nd Street, New York 18, N. Y. 


PRODUCTION ENGINEER, Graduate engineer, 
perienced in handling engineering problems on sp 
mass-produced items. Must work closely with ma 
facturing supervision and sales; carry responsih 
for engineering decisions on process and performa 
of a specialized electrical component. INTER 
TIONAL RESISTANCE CO., 401 N. Broad S 
Philadelphia 8, Pa. 


E.E. OR PHYSICIST . . . to work on research | 
development problems. Requirements: Bachelor 
degree plus 2 to 3 years of experience in ele 
component design and enopaes OR id 
degree in E.E. or Physics. INTERNATIONAL 
a TANCE CO., 401 N. Broad Street, Philadelphia 
a. 


ELECTRICAL REPAIR SHOP, well established 
with a number of major factory authorized sales 
service contracts. Located in Gulf Coast Area in h 
of heavy refining and chemical industry. Qua 
person may purchase at inventory (approxima 
$30,000) and within two to three years have return 
investment, plus substantial interim salary. Term 
may be arranged for responsible pa Add 
Box 219, ELECTRICAL ENGINEERIN , 500 F 
Avenue, New York 36, N. Y. 


Positions Wanted 


ENGINEER, Electrical, 25, B.E.E., 11/2 years’ 
perience service engineer on electromechanical devi 
1/2 year experience jr. maintenance engineer in 


plant. Desires peiner with future. Box 221, ELE! 
TRICAL ENGINEERING, 500 Fifth Avenue, New 
York 36, N. Y. 


Director of Research, 
Registered; Phila. area 
ELECTRICAL ENGI 
New York 36, N. Y.. 


MANAGER for independent telephone system. Gri 
uate electrical engineer, age 40, with 17 years dive: 
domestic and foreign experiénce in wire and radi 
telephony and telegraphy. Former Bell System trans 
mission engineer, former Vice-President and gen 
plant manager of large foreign telephone compan} 
5 years in World War II as Signal Corps officer, ni 

employed as general manager of foreign company, wis 
to consider return to U. S. Address: Box 223, ELEC 

TRICAL ENGINEERING, 500 Fifth Avenue, New 
York 36, N. Y.- 


ELEC ENGINEER desires part time technical wr 
work—maintenance manuals, specifications, etc. P 
erable subjects mechanical instruments (navigational) 
aircraft electrical power equipment, electric po 


cables. Have written two complete manuals for Bure: 
of Ships. Graduate I.E.E. (England). American 
citizen. Address; J.G.Q. 607 Clinton Avenue, 


Newark, New Jersey. 


ELECTRICAL ENGINEER, graduate 1936, marri 

desires responsible, administrative, executive work 
electronics or electrical organization. Extensive 
perience in electronics design, development, application 
and sales, including government, particularly in com= 
plicated instrumentation. Experienced in planning 
and administration of long-range objectives, but aware 
of daily problems. Adaptable to new situations. 
Salary at least $12,000. Box 224, ELECTRICAL 
ENGINEERING: 500 Fifth Avenue, New York 36 


DEVELOPMENT ENGINEER, switchgear and rela 
devices. Fine record of accomplishment in responsi 
races, Graduate, registered. Address: Box 
ELECTRICAL ENGINEERING, 500 Fifth Avenue 
New York 36, N. Y. : 


DECEMBER 1951 


ATOMIC WEAPONS 
INSTALLATION 


| needs 
| ELECTRONICS ENGINEERS 


Two to ten years’ experience in research, design, 
development or test. Patent history desirable but 
not necessary. A variety of positions open for 
men, with Bachelor's or advanced degree, qualified 
in one or more of the following fields: 


UHF TECHNIQUES 
PULSE CIRCUITS 
. SERVO-MECHANISMS 
TELEMETERING 


RELAY 
LOW POWER APPLICATION 


SS ENGINEERS 


Special opportunities for YOU in 


SAN DIEGO 


© that sunshiny, smog-free city on the 


eos (CALIFORNIA 


Convair (Consolidated Vultee Aircraft Corporation) is 
now accepting applications for these following positions 
in its modern, progressive Engineering Department. 
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INSTRUMENTATION 
STATISTICAL ANALYSIS 
TEST EQUIPMENT RELATING TO 
THE ABOVE FIELDS 


@ 
STANDARDS ENGINEERS | 


Experienced in writing specifications, in liaison 
work, and in correlating design information to 
accepted standards. Avircraft industry experience 
desirable. 


® 
PHYSICISTS 


With background of pure physics. 


® 
TECHNICAL WRITERS 


Experienced in preparation & publication of stand- 
ards, electronic and mechanical technical manuals. 
Engineering background necessary. 


) : 
JOB ANALYSTS 


Mechanical & electrical engineers experienced in job 
evaluation and other wage adminstration activities. 


e 
THESE ARE PERMANENT POSITIONS with 


Sandia Corporation in Albuquerque, N. Mex. The 
Laboratory is operated by Sandia Corporation, a 
subsidiary of the Western Electric Company, under 
contract with the ATOMIC ENERGY COMMIS- 
SION. This laboratory offers good working con- 
ditions and liberal employee benefits, including paid 
vacations, sick leave, and a retirement plan. 


Albuquerque, center of a metropolitan area of 
150,000 is located in the Rio Grande Valley, one 
mile above sea level. The ‘Heart of the Land of 
Enchantment,” Albuquerque lies at the foot of the 
Sandia Mountains, which rise to 11,000 feet. Climate 
is sunny, mild and dry the year ‘round. 
HOUSING SHORTAGE in Albuquerque area. 


PROFESSIONAL EMPLOYMENT DIVISION 


SANDIA CORPORATION 


SANDIA BASE, ALBUQUERQUE, N. M. 


Design Engineers Weight Engineers 


Design Draftsmen Aerodynamics 


Electrical Draftsmen Engineers 


Electronics Engineers Test Engineers 
Microwave Engineers Thermodynamics 


Engineers 


Servo Engineers 


Aircraft Loftsmen Aircraft Linesmen 


WORKING FACTS: You get two holidays a week at 
Convair — overtime accomplished in 5-day week. Attractive 
salary ranges. An “engineers” engineering department... with 
stimulating, competent associates ... and interesting, challeng- 
ing, essential, long-range projects of a wide variety including 
— commercial aircraft, military aircraft, missiles, engineering 
research and electronic development. Excellent patent royalty 
arrangements. Top-notch retirement plan — better than-average 
life and health insurance. Complete progress-salary review 
for each person twice yearly. Opportunity for continuing 
engineering education. 


LIVING FACTS: San Diego, with its wonderful residen- 
tial areas, offers you and your family incomparable living. 
Ideal climate — cool, clean, dry. Mountains, desert, Mexico, 
Hollywood, Los Angeles, Pacific Ocean, beaches and bay — 
only hours or minutes away. It offers you a new way of Life... 
pleasant, refreshing, happy. 


If you qualify, you will receive generous travel allowances. 


SEND COUPON for free booklets and complete information. 


Mr. H. T. Brooks, Engineering Departmenf 500 

Convair, 3302 Pacific Hiway, San Diego, California 
Please send» me FREE booklets describing the Convair 

Opportunity for me and my Convair Application Form. 


My name 


Occupation 


Address 


ee ie 
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MORGANITE 


CARBON PILES 


You can depend on Morganite Car- 
bon Piles — rugged, dependable and 
uniform. 


Experience, from manufacturing 
countless carbon pile discs for varied 
requirements, assures uniform resist~- 
ance within close limits for your 
application. 


Inquiries will receive prompt atten- 
tion from Morganite sales engineers. 
Call or write today. 


INCORPORATED 


LONG ISLAND CITY 1, NEW YORK 


REGISTERED 


= Ss 


TRADE MARK 


DB 


Manufacturers of Morganite Carbon Brushes and Self-Lubricating 
Corbon Specialties including Seals, Rings, Valves, Bearings, etc, 
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ONLY TIREX 


HAS THE 


SELENIUM 
NEOPRENE ARMOR 


Only Simplex-TIREX cords and cables are jacketed with the famous 
Selenium Neoprene Armor. This famous cured-in-lead jacket is well known 
wherever tough, hard jobs are found. Whether it is coal mining, ship 
building, open pit mining operations, rock quarrying or foundry work the 
tough, cured-in-lead jacket provides the kind of staying power that you 
want. Wherever rough, abrasive conditions are found, there you will find 
the jobs that TIREX excels at doing. 


Actual service records show that Simplex-TIREX cords and cables 
have proved to be the most economical because the Selenium Neoprene 
Armor lasts so long. 


Whenever your requirements call for the use of a portable cord or 
cable, specify and be sure that you get Simplex-TIREX Cords and Cables. 


H{ &t isn't made by Simplex i isn't Tirer 


SELENIUM 


SIMPLEX WIRE & CABLE CO. 


Simplee- WIRES & CABLES 79 SIDNEY STREET, 


CAMBRIDGE 39, MASS., 
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8439 Steller Drive 


Cole Elechric Co, 


OUTDOOR HOOK STICK DISCONNECTING SWITCH 
23,000 Volts—4,000 Amperes—Type Y-2 
Single Pole, Single Throw 
See Bulletin 20-A 
SILVER TO SILVER CONTACTS 
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Culver City, 
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DIRECT-CURRENT AMPLIFIER 
for use with a 5-Milliampere Recorder 


Measuring emf of Electro-chemical Cells 


o 6 @ 


* © 


> 8 * 8&8 © #@ @ © @ 


sx Recording D-C Milliammeter Or Voltmeter im 
jy Recording Sound and Vibration 


s& Recording Variations in Insulation Resistance during Dehydration 
& Recording Frequency and Modulation Levels of Broadcast Transmitters 
3% Operation from Resistance Thermometers, Photo Cells, Strain Gauges 
3x Process Control 5% Measurements in Physical and Chemical Laboratories 


_ The Type 715-AE D-C Amplifier was designed 
articularly for operation with the standard Esterline- 
ingus Company 5-milliampere Recorder for applica- 
ions similar to those suggested above. 

This amplifier has high gain and very good stabil- 
y of calibration. It has four calibrated ranges each 
iving 5 ma linear output in the recorder circuit of 
000 ohms, for input voltages of 0.1, 0.2, 0.5 and 1.0 
olt across the input terminals with either polarity. 


Type 715-AE D-C Amplifier (Illustrated) in metal case 
to match Esterline-Angus Recorder ee, not 
included) . siete ee 00 
Type 715-AM D-C ‘Amplifier i in Walnut case ...... 


GENERAL RADIO 


275 Massachusetts Avenue, Cambridge 39, Mass. 


90 West Street NEW YORK 6 9920S. Michigan Ave. CHICAGO 5 


Since 1915— Designers and Manufacturers 


Company 


1000 N, Seward St. LOS ANGELES 38 


Its calibration accuracy as a voltmeter is approxi- 
mately 1% of full-scale. A number of input resistances 
are selected by a switch for resistances between 100 
ohms and 10 megohms, so that the amplifier not 
only has an adjustable input resistance but also can 
be used as a calibrated millivoltmeter or micro- 
ammeter. 

Over room conditions normally en- 
countered, operation and stability are 
independent of ambient temperature or 
changes in relative humidity. 


STROBOSCOPES «+ VARIACS e« SOUND-LEVEL METERS 
VIBRATION METERS «IMPEDANCE BRIDGES 
SIGNAL GENERATORS + OSCILLATORS 
WAVE ANALYZERS + DISTORTION METERS 
IMPEDANCE STANDARDS « VACUUM-TUBE 
VOLTMETERS « FREQUENCY STANDARDS 


BROADCAST MONITORS ¢ PARTS AND ACCESSORIES 


of Electronic Test Equipment 


The Fountainhead of Modern Tube Development is RCA : 


assistance on any RCA pi 

tube, write RCA, Commercial Engi 

neering, Section39LR, Harrison, N. J., ¢ 
contact the RCA Field Office nearest you. 


FIELD OFFICES: (EAST) Humboldt 5-3900, 415 S. 5th St., Harrison, 
(MIDWEST) Whitehall 4-2900, 589 E, Illinois St., Chicago, Ill. (WES] } 
Madison 9-3671, 420 S. San Pedro St., Los Angeles, Calif. t 


RADIO CORPORATION of AMERIC: 


ELECTRON TUBES HARRISON. Wed 


